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1   INTRODUCTION 
 
The desirable design goal of modern jet aircraft is to 
increase the maneuverability, agility, and survivability. 
The Fluidic thrust vectoring (FTV) is a significant 
technology for high-performance air vehicles. The 
technology can improve aircraft performance by 
manipulating the nozzle flow to deflect from its axial 
direction. FTV involves a directional alteration of the 
main exhaust gas flow by a secondary jet in the nozzle 
diverging part. Potentially, FTV nozzles provide 
effective flow deflection with less weight, low noise, 
simplicity, low maintenance costs, etc. (1)(2).  
The objectives of this study are to investigate the 
effect of a secondary jet on the primary flow in a 
converging-diverging nozzle, to discuss the effect of 
FTV parameters, and to evaluate the FTV performance. 
 
2   EXPERIMENTAL SETUP 
The experimental setup is shown in Fig. 1. The inlet 
of the nozzle is open to the atmosphere, whereas the 
outlet is connected to a vacuum tank. The back pressure 
of the nozzle is kept practically constant at 0.1atm 
during a typical test time of 5–10 s (3)(4). The Schlieren 












Fig. 1 Experimental setup 
 
The nozzle is designed to rotate around the rotation 
shaft to adjust the exit spacing while keeping the throat 
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Fluidic thrust vectoring (FTV), an ability of air vehicles to manipulate the nozzle flow deflect their
longitudinal axis, can satisfy the modern aircraft requirements dramatically. Numerical and
experimental studies of FTV are performed with a nozzle pressure ratio (NPR) of 4–10, a secondary
pressure ratio (SPR) of 1, 2 or 3, and two different secondary jet locations. Numerical simulations of
the nozzle flow are done with solving the Navier-Stokes equations, and the input parameters are set to
match the experimental conditions. The thrust pitching moment and the thrust pitching angle are
determined to evaluate the FTV performance.  
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spacing constant. The area ratio of the nozzle exit to the 
throat area is 1.69 with flow Mach number of 2. The 
secondary jet injection slot on the upper nozzle wall has 
a width of 1 mm. Figure 2 shows the dimensions of 
nozzle with secondary jet injection slot adjusted to the 












Fig. 2 Dimensions of nozzle at Mach number of 2. 
 
3   NUMERICAL METHOD 
 
The Reynolds number of the flow at the nozzle exit 
corresponds to the transition zone from laminar to 
turbulent flow. The flow at the inlet is accelerated from 
the stationary atmosphere and the transition is 
suppressed till relatively high Reynolds number. This is 
visually confirmed with Schlieren images. Therefore, in 
this study, the flow is assumed to be laminar. The 
Navier-Stokes equations are solved numerically. The 
numerical fluxes are evaluated with the HLLC 
Riemann solution, and the numerical simulations were 
carried out with the WAF method (5). 
 
4   EVALUATION OF FTV PERFORMANCE 
 
The FTV performance is evaluated by thrust pitching 
angle  (6)(7).  
),/(tan 1 AN FF
                          (1) 
where AF  and NF  are the x and y components of 
momentum. 
The thrust pitching moment M  of the nozzle is 
expressed by 
,)(  lFM w                              (2) 
where wF  is the working pressure on the nozzle walls 
and l  is the length from the working point to the pivot 
point. 
 
5   RESULRTS AND DISCUSSIONS 
 
The conditions in experiments and numerical 
simulations range are nozzle pressure ratio (NPR) from 
4 to 10, the secondary pressure ratio (SPR)  from 1, 2 to 
3, with the spacing between the secondary jet injection 
slot and the nozzle exit Lj = 5 mm and Lj = 10 mm. 
The effects of FTV parameters such as NPR, SPR, Lj, 
and angular injection angle β on the FTV performance 
are discussed.  
5.1 Effect of NPR 
Numerically obtained Mach number distribution 
with NPR = 9 is shown in Fig. 3. The Mach number 
in the nozzle diverging part increases from 1 to 2. 
The Mach number of two-dimensional (2-D) 
numerical results at the nozzle throat is not the same 
as the one-dimensional (1-D) theory. For the 1D 
theory, the Mach line is a straight line at the throat 
with Mach number of 1 while for the 2-D numerical 
method, the Mach line is an arch. In addition, the 
Mach number of 2-D at the nozzle exit is close to the 
designed value of 2. It is seen that the Mach number 










Fig. 3 Mach number distribution in the nozzle diverging part 
with NPR = 9. 
 
5.2 Effect of SPR 
Figure 4 shows the Schlieren images for Lj = 10 mm 
























Fig. 4 Schlieren images for Lj = 10 mm with NPR = 9 and (a) 
SPR = 1 or (b) SPR = 2 (c) SPR = 3. 
 
With SPR = 1, the secondary jet is visible as a bright 
line starting from the secondary jet slot, as seen in Fig. 
4(a). As SPR increases, the jet continue to spread, and 
the separation domain near the wall upstream the jet 
(a) 
(c) Shock wave 
(b) Shock wave 
Lj 
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1 1.5 2 2.1 
3
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also becomes larger as shown in Fig. 4(b) and Fig. 4(c). 
It is found that the basic flow patterns are the same 
with Lj = 5 mm. 
In order to investigate the effect of SPR 
quantitatively, Table 1 shows the thrust pitching 
moment with NPR = 9 at different SPR and Lj. It is 
observed that the moment of Lj = 10 mm is smaller 
than that of Lj = 5mm. The moment increases from 
SPR = 1 to SPR = 2 and then decreases at the SPR = 3 
possibly due to shock reflection on the other wall. 
 
Table 1 Thrust pitching moment at different SPR and Lj. 
M  [N・m] SPR = 1 SPR = 2 SPR = 3 
Lj =5 mm 11.8 14.9 13.8 
Lj = 10 mm 9.5 10.6 9.6 
 
Table 2 Thrust pitching angle at different SPR and Lj. 
   [deg] SPR = 1 SPR = 2 SPR = 3 
Lj =5 mm 5.0 7.4 8.6 
Lj = 10 mm 4.4 6.3 7.7 
 
Table 2 shows the thrust pitching angle with NPR = 
9 at different SPR and Lj. It is observed that deflection 
angle of Lj = 10 mm is smaller than that of Lj = 5 mm. 
The angle increases as the SPR increases. The change 
tendency of deflection angle is not the same as the 
moment for the possible tiny reflection has not effect 
on the deflection angle. 
 























Fig. 5 Mach number distribution with NPR = 9 and SPR=1 
and (a) Lj = 2 mm or (b) Lj = 40 mm or (c) Lj = 80 mm. 
Figure 5 shows the flow Mach number distribution 
with NPR = 9 and SPR = 1 for different values of and 
Lj = 2, 40 and 80 mm. As the location of the secondary 
jet injection is near to the exit, the deflection of flow is 
large, as shown in Fig. 5(a). As the location of the 
secondary jet injection is moved to the throat, the 
induced oblique shock wave reflects at the opposite 
nozzle wall even for SPR = 1, as shown in Fig. 5(b). In 
the case of secondary jet injection being placed at the 
nozzle throat, there are no obvious interaction between 
the secondary injection and the primary flow, as shown 
in Fig. 5(c).  
 
5.4 Effect of β 
 
The effect of secondary jet injection angle is 
investigated by defining the angular injection angle β as 









Fig. 6 Illustration of secondary angular injection.  
 
Figure 7 shows the thrust pitching moment at 
different β with NPR = 9. When the β is positive, the 
moment decreases and the moment for SPR = 2 is larger 
than SPR = 1 except β = 70°. Whereas when the β is 
negative, the change tendency of the moment with SPR 
= 1 is different from that with SPR = 2. The biggest 
moment of SPR = 1 occurs with β = –45°. The negative 
of the moment at β = 70° is caused by the reflection on 














Fig. 7 Thrust pitching moment at different β with NPR=9. 
 
Figure 8 shows the pitching angle at different β with 
NPR = 9. It is observed the angle change tendency is 
the same as that of the pitching moment. When β is 
positive, the largest angle with SPR = 1 happens with 
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Fig. 8 Thrust pitch angle at different β with NPR = 9. 
 
5   CONCLUSIONS 
 
In order to study the details of the FTV performance, 
the experimental model with a smaller secondary jet slot 
is constructed. The effects of FTV parameters, such as 
NPR, SPR, Lj and angular injection angle β are 
discussed.  
The performance of FTV is evaluated by thrust 
pitching moment and thrust pitching angle. The thrust 
pitching moment is positive as expected induced by an 
oblique shock wave. 
The larger SPR causes the decreased moment due to 
the possible tiny reflection on the opposite nozzle wall, 
but it has no effect on the deflection angle.  
As the secondary jet slot moves to the nozzle throat, 
the effect of the secondary jet on the pitching moment 
and the deflection angle becomes weak.  
For different secondary angular injection β, the 
positive and negative cases should be separated to 
discuss. For positive β, the moment and deflection angle 
decreases as the β increases, and the moment of higher 
SPR is larger. For negative β, the change tendency of the 
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For mechanical structures under high speed motion, 
induced vibration due to structural flexibility may need 
to be considered and accounted for in the actuation 
scheme. Disk drives(1)(2), spacecraft structures(3)(4), 
robots and cranes(5) are well-known examples where 
this issue comes to bear.  
There have been numerous research studies that 
focus on finding open-loop control solutions for a 
vibratory mechanical system that give minimum-time 
motion subject to limits of actuation effort(3)(6)(7)(8). 
Time-optimal motions are found to require ‘bang-bang’ 
actuation signals that involve multiple switches 
between two extreme values. For an undamped system 
(with applied force as the control input) the actuation 
signal required for rest-to-rest motion is anti-symmetric 
about the mid-point of the motion interval(3). Also, a 
single-mode structure usually requires only three 
switches of input value during the whole motion(6)(7). 
The general time-optimal control problem is hard to 
solve analytically. Various numerical algorithms have 
been proposed based on application of Pontryagin’s 
minimum principle to the time-optimal Hamiltonian 
function(3)(6)(7). For an undamped single-mode system, 
an analytical solution can be obtained(3). Usefully, 
certain time-optimal motions can also be obtained 
through a technique known as input shaping where a 
time-delay filter is applied to a step input signal in 
order to generate the optimal control input(2)(8). 
This paper considers two important cases of the 
time-optimal motion control problem where a 
geometric analysis of state variable trajectories allows a 
direct construction of the solution, thereby avoiding a 
multi-dimensional numerical search. In each section, 
we first consider a velocity-input system model and 
then move on to the more complex force-input model. 
Section 2 formulates the minimum-time control 
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problem and gives necessary conditions for optimality. 
The considered boundary conditions correspond to a 
rest-to-rest motion, meaning that the system is initially 
at rest and the final state is also a rest state involving no 
residual vibration of the structure. Section 3 outlines 
the method used to obtain the solution. Experimental 
results from applying time-optimal solutions on a 
typical motion control system are given in section 4. In 
section 5, the theoretical results are analyzed by 
considering how the achievable time of motion varies 
with actuator capacity. For these results, the overall 
speed of motion obtained with the time-optimal 
solution may be considered as a fundamental limit for 
achievable performance. It is therefore useful to know 
the exact manner in which this limit increases with 
actuator capacity. The final section provides 
conclusions. 
 
2   PROBLEM FORMULATION 
 
Motion of a flexible structure (Fig. 1) can be 
described by a linear model of the form: 
 
 �� �� � ����� � �����, �1�
   
where � � blockdiag���, ��� and�� � ���� �����. The 
sub-matrix ��  models the rigid-body mode of the 
system while the sub-matrix ��  models the flexible 
mode(3)(6). In general there may be many sub-matrices 
�� , one for each flexible mode. This study considers 
only single-mode systems and thus � � 1.  
A time-optimal problem objective is to find the 
control input ���� that drives the system �1� from an 
initial position ��0�  to a desired final position ����� 
with minimum final time ��: 
 
 min���� ��. �2�
   
The control input must also satisfy the effort limit 
condition 
 
 ��� � � � �, �3�
   
For a rest-to-rest motion, the initial point may be 
chosen as the origin. We also impose that there is zero 
residual vibration (ZRV) after the final time. The 
required boundary conditions can be stated as 
 
 ��0� � �0…0��,�������� � ����0…0��, �4�
   
where ��  is the required travel distance. Thus, �1� �
�4� form a complete optimization problem. 
 
2.1 Velocity input model 
The system (Fig.1) may be considered with �� ����, �� as the input to be chosen. State variables are 
selected as 
 ���� � ��� ��� ���.  
 
 
Fig. 1 Rectilinear motion of a flexible structure 
 
 
Fig. 2 State trajectories of the velocity input model with 
damping �� � 0.0��. 
 
For the rigid body mode, we have 
 
 �� � �0�,����� � �1�,  
 
and for the vibratory mode we have 
 




Here, ��  is the natural frequency and �  the damping 
ratio. Using the scaled time variable � � ���, where 
�� � ���1 � �� , the model may be transformed to 
the dimensionless form 
 
 










where ���� � ��1,1�  is now the input scaled by the 
maximum value and � � ���1 � �� . The final 
condition �4� is also transformed to 
 
 ����� � ����0…0�� �7�
 
where �� � ������. The model is now independent 
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damping ratio through �. Thus, solving the solution of 
for this model is applicable for the original model with 
any value of natural frequency. 
For a system with damping �� � 0�, state trajectories 
of �6� are logarithmic spirals with an exponential decay 
in radius given by ����  (Fig. 2). When � � �  the 
trajectory converges to ���, ��� � �0,1� for � � 1 and ���, ��� � �0,�1�  for � � �1 . For an undamped 
system �� � 0� , trajectories become helical paths 
around the same pair of axis. 
Trajectories shown in Fig. 2 have the origin as the 
initial point. However the complete set of possible 
trajectories can be generated by translating, rotating or 
scaling, with the helix axis as a fixed line. 
 
2.2 Force input model 
Mechanical actuation often leads to a system model 
where force or torque is considered as the input(1-8). For 
the model in Fig. 1, we now have the constrained input 
� � ���, ��. Compared with the velocity-input case, an 
additional state variable (usually overall velocity) must 
be included in the model so that 
  





The model of the vibratory states has the same form as 
previous and thus, the force input model is  
 
 
�� �� � �
0 1 0 0
0 0 0 0
0 0�� 1
0 0 �1 ��







The final condition is the same as �7�, except in this 
case �� � �������� where � is the total mass. 
 
3   SOLVING METHOD 
 
To apply Pontryagin’s minimum principle(9)(10), we 
first define the Hamiltonian for �1� � �4� as 
 
 � � 1 � ����������� � ������, �9�
 
where ���� is a co-state vector that satisfies 
 
 ����� � ����� � ��
�����. �10�
 
According to the minimum principle, the necessary 
conditions along with equations �1� � �4� are 
 
 ����� � �sgn�������� �11�
 
 ���� � 0,������� � �0, ��� �12�
 
where sgn��� � 1 if � � 0 and sgn��� � �1 if � � 0. 
This implies that the optimal control is ‘bang-bang’ in 
character(9),(10), i.e. ����  switches between extreme 
values. It is straightforward to show that the optimal 
control exists and is unique(9),(10). The essence of the 
problem here is to establish an initial value of the co-
states ��0�  such that the corresponding control input 
given by �11� is consistent with the required boundary 
conditions �4�. If such a ��0� exists then the control 
input given by �11� is the unique solution to the time-
optimal problem. 
 
3.1 Solution for velocity input model 
Without damping �� � 0� , applying �9� � �12�  to 
the model �6�, leads to the switching condition 
 
����� � ��1 �� � �����1 �� � �����, �13�
 
where, according to �10�, the co-state ��  is constant. 
To obtain the optimal control from �13�, the initial co-
state ��0� must be determined. This leads to a binary 
value problem class which is hard to solve analytically.  
By considering the switching condition �13� 
together with co-state trajectories from equation �10� 
we can determine that the form of the optimal control is 
symmetric around the mid-point of the time interval. 
An example solution is shown in Fig. 3a that also 
satisfies the ZRV condition. The optimal control is 1 
for time �� then switches to �1 for time �� and finally 
back to 1 for time ��. For this undamped case �� � ��. 
The three branches of the state trajectory that make up 
the optimal motion are shown in Fig. 3b. The trajectory 
starts at the origin and involves:  
 
I   An arc of unit radius about the helix axis 
���, ��� � �0,1� through angle �� (when � � 1). 
II   An arc about the helix axis ���, ��� � �0,�1� 
through angle �� (when � � �1). 
III An arc of unit radius about the helix axis 
���, ��� � �0,1�  through angle ��  to return to ���, ��� � �0,0�  (when � � 1). 
 
The final value of ��  is the distance of motion �� �2�� � �� . The projection of I-III on the �� -��  plane 
(Fig. 3c) may be considered as rotations of vectors on 
the complex plane. This leads to the geometric 
constraint 
 
������ � 2����� � ������� � 2�. �14�
 
If the distance satisfies 2�� � 1�� � �� �
2��,����� � 2,3, � �, then � � 1�forward intervals with 
duration �2� � ���  and �  backward intervals with 
duration ��  must be included in the motion. When �� � 2��,����� � 1,2,3, � � , then �� � 0 , i.e. no 
backward interval is required. 
For the case with damping (� � 0), the switching 
condition is 
 
����� � ��1 ����� � �� � ������1 ����� � �� � ������. �15�
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Fig. 3 Elements of velocity-input solution 
 
A geometric constraint consistent with �1��  can be 
obtained by the same approach as for (14). However, 
the symmetry requirement does not apply in this case 
and the resulting condition is 
 
 ����������� � �����������
� ���������� � ��� �16�
 
 
Fig. 4 Elements of force-input solution 
 
Eliminating �� from �16� gives 
 
Re��� ����� ���� � � ����� ����� ���� � 0� �17�
 
where ����� ��� � ����������� � ����������� � � . For 
a given value of ��, we obtain �� from (17) by a root-
finding algorithm. ��  is then computed and the final 
time obtained as �� � �� � �� � �� . After switching 
times are found, co-state values can also be computed 
in order to verify the true time-optimality of the 
solution.  
 
3.2 Solution for force input model 
For the undamped case, a switching condition similar 
to �13�  can be derived. According to the co-state 
trajectory from �10�, the optimal solution must be anti-
symmetric about the midpoint of the motion(3). Thus, 
one additional switch is needed. An additional  
boundary condition must also be imposed to ensure no 
residual motion of the rigid body mode (zero final 
speed). This condition may be expressed 
 
�� � �� � �� � �� �18�
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By considering the arcs in Fig. 4b as rotations of 
complex vectors, the relation between switching times 
is obtained as the geometric constraint 
 
 ����������� � 2����������� 
� ��������� � 2��������� � 2� �19�
 
For the undamped case (� � 0), this is equivalent to the 
solution in (3), but expressed in complex form. Using 
�18�  to eliminate ��  from equation �19� , and then 
eliminating �� gives a similar expression to �17�. The 
value of �� may be obtained (again by  root-finding) for 
a given value of �� and the remaining switching times 
computed. In the undamped case, �� � �� and �� � �� 




Optimal solutions for the force-input model have 
been tested on an experimental system (Fig. 5). The test 
rig consists of a flexible armature [a] driven by ball 
screw [b] and dc servo motor [c]. The control input is 
the torque generated by the dc motor with a current 
regulating electric drive. Strain gauges [d] are used to 
measure the deflection at the tip of the armature as a 
vibratory state of the system. Important parameters of 
the rig are natural frequency �� � ��7 rad/sec and 
damping ratio � � 0�0�2. 
Figure 6 compares two example cases of applying: 1) 
the rigid-body solution and 2) the time-optimal solution 
for the flexible structure. The distance travelled (6 cm) 
is the same for the two cases. For the flexible structure 
solution, the overall motion is seen to be slower than 
the rigid-body case but residual vibration at the end of 
motion is almost eliminated. 
 
5 ANALYSIS AND DISCUSSION 
 
It is fairly intuitive that, if velocity is controlled 
directly, the time-optimal motion for a rigid body 
involves driving it with maximum velocity until the 
final position is reached. Thus, the relationship between 
��  and ��  is a straight line (Fig. 7a). With structural 
flexibility taken into account, an interval with 
backward motion (negative input velocity) must be 
introduced. This yields a slower motion than for the 
rigid-body case, as evident in Fig 7a. However, for an 
undamped system, there are certain distances for which 
the total time of motion is equal to the rigid-body case. 
This occurs when the dimensionless distance is equal to 
2�, ��, ��, � etc. 
With applied force as the input, the fastest way to 
reach the final position is to accelerate at the maximum 
rate and then decelerate at the maximum rate after the 
mid-point of motion. This yields the relation between 
distance travelled and total time as 
 




Fig. 5 Experimental rig 
 
 
Fig. 6 Experimental results: control input, position, and 
deflection profiles 
 
With structural flexibility taken into account, 
additional acceleration and deceleration intervals must 
be introduced that slow overall motion compared with 
the rigid-body case (Fig. 7b). Again, for an undamped 
system there are certain values for the dimensionless 
distance where no extra switches are needed and the 
speed of motion matches the rigid-body case, i.e. when  
�� � ��, 8�, 12�, �etc. 
When damping is present, extra switches are always 
required. In other words, there is no distance for which 
the same time of motion as the rigid body case can be 
achieved.  
Each solution obtained corresponds to a pair of 
values for the dimensionless variables �� and ��. It is 
usual to interpret the set of solutions as being for fixed 
maximum input (� or �) and varying over the actual 
distance traveled ��. However, for the dimensionless 
model we have �� � ������  for the velocity input 
case and �� � ��������  for the force input case.  
Therefore, we may also interpret the solutions as being  















(a) Applying rigid body input
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Fig. 7 Set of time-optimal solutions 
 
for fixed �� and varying over � and �. With this idea, 
we define the following dimensionless measures of 
actuation capacity and overall speed of motion: 
 
(a) Relative actuation capacity (velocity input case) 
 




(b) Relative actuation capacity (force input case) 
 
 �� � ������� �
1
��   
 
(c) Overall ‘speed’ of motion 
 
 � � 1���   
 
The value of these parameters may be calculated for 
each solution. Clearly, the parameter �  is a main 
indicator of the overall performance of the system. The 




Fig. 8 Overall speed vs actuation capacity  
 
For each value of ����, it is also possible to calculate 
the corresponding value of � for time-optimal motion 
of a rigid-body system. For the velocity input case, the 
input will then have no negative interval and  
 
��� � ����� � ��. 
 
For the force-input case the input has equal positive 
and negative intervals and so 
 




� � 12 ���.   
 
These two equations define the rigid-body lines seen in 
Fig. 8 and provide an absolute upper bound on the 
achievable speed of rest-to-rest motion. 
We can see from the results that, when the overall 
speed of motion is relatively slow, the overall speed for 
the flexible structure is close to the rigid-body case. 
However, when the actuation capacity is increased, the 
average speed can deviate significantly form the rigid-
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body line. This effect is most significant when the time 
interval of motion is of the order of the natural period 
of vibration of the system (i.e. when ��~1) or less. 
Also, there is a critical value of the actuation 
capacity above which speeds close to the rigid-body 
case can no longer be obtained. For a velocity-input 
















Figure 9 shows speed of motion as a fraction of the 
rigid-body case versus actuation capacity. The results 
may be interpreted quantitatively as follows: For the 
velocity input case, the overall speed of motion is 
within 78% of the rigid body case if the actuation 
capacity is below the critical value �1���� . If the 
actuation capacity is raised beyond this value, speeds 
close to the rigid-body case can no longer be achieved. 
For the force input model, the critical actuation 
capacity is 1����. In this case, overall speed of motion 
is within 97% of the rigid-body case if actuation 
capacity is below the critical value. 
This knowledge on limits of performance may be 
helpful in the design process of actuator selection and 
sizing. According to the results, high capacity actuation 
might not give an adequate return, in terms of increased 
speed of motion, particularly as more powerful 
actuators tend to be more expensive. The curves in Fig. 
8 may be incorporated in an overall design optimization 




The problem of time-optimal rest-to-rest motion of a 
single mode flexible structure has been considered. The 
main contributions of the present work are: 
1. The optimal control history is obtained by 
considering geometric constraints on state 
variable trajectories. 
2. Fundamental characteristics of the solutions, in 
terms of the relation between actuation effort and 
overall speed of motion have been presented. 
For low overall speed of motion (or relative actuation 
capacity) the time for motion is close to the case of a 
rigid body structure. However, if the time of motion is 
of the order of the natural period of vibration then 
significant reductions in overall speed are required if 
zero residual vibration is to be achieved. This 
fundamental result is explained by the extra intervals 
with negative input value that are required to cancel 
elastic vibration of the structure.  
Further work aims to extend the results to more 
general cases where multiple flexible modes and non- 
 
 
Fig. 9 Fractional speed vs actuation capacity 
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1   INTRODUCTION 
 
Japanese market is a big food importer of the 
world(1). Japanese government by the Ministry of 
Agriculture Forestry and Fisheries (MAFF) has strickly 
controlled the imported food in term of quality, 
especially, on food safety and traceability(1). The reason 
of this control is due to the inspected pesticide residue 
food imported in September 2008, with China’s Sanlu 
infant milk powder contamination.  Then, the milk 
powder was mixed with melamine, leading to infants 
kidney stone diseases(2). The major components of the 
safety management are Hazard Analysis at Critical 
Control Points (HACCP), Good Manufacturing 
Practice (GMP) and Good Hygiene Practice (GHP)(3).      
Japan is the second largest market of Thailand 
agriculture, accumulating a total of 2.6 billion USD in 
2009 and increasing 15.07% from 2008(4). Moreover, 
Thai Government has been promoting Thai food, via 
the “Kitchen to the world” and “Thai Food Good Taste 
policies”(5)(6), which was to ensure Thai food with good 
quality. This study focuses on mango supply chain in 
Japanese market. Where Thai Mango is becoming an 
important exporting fruit of Thailand, in 2011, mango 
has been exported to Japan more than 6.17 million 
USD. MAFF was strictly controlled these Thai mango 
as well as other imported fruits as the importers must 
declare and specify the list of chemicals both those are 
allowed and those are not allowed in imported 
mangoes(7).  However, there are still problems for this 
mango industry, i.e., disease, pesticides contamination 
and mango maturity. (Various problems occur because 
of smallholder and event that effect the traceability of 
Thai mangoes) 
The purpose of this research is to apply the Supply 
Chain Integration Model (SCI Model) and the 
Integration Definition for Function modeling (IDEF0) 
in order to study and analyze overall relationship 
between Thai and Japanese partners within the mango 
supply chain. Then the relationship will indicate the 
way to improve and develop food safety and food 
quality to be meet Japanese requirement, expectation 
and standard. 
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The purpose of this research is to study and analyze Thai mango supply chain exported to Japanese
market.  In order to understand the relationship and the connectivity of the members on Thai and
Japanese partners in the supply chain, the study started from upstream to downstream (farm, middle-
man, processing, factory and exporter). The Supply Chain Integration Model (SCI Model) and the 
Integration Definition for Function Modeling (IDEF0) were used. Where the SCI model is constructed
by 4 major criteria, ie, infrastructure, institutional, businesses and people, IDEF0 shows the
connection of activity in Supply Chain Management. The results indicate the problem and concerns in 
terms of food quality, food safety as the weakest links of the chain. These indications lead to the
suggestion of improvement of supply chain of the products in the future.  
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2   LITERATURE REVIEW 
 
Business process mapping and SCI model have been 
used in a variety of research to find the defects of 
system and the way to improve and manage the supply 
chain. The details are as follows. 
 
2.1 Business Process Mapping  
The Business Process Mapping (BPM) is a tool to 
analyze and identify improvement process from current 
state (AS-IS) to future state (TO-BE). It is commonly 
used by many organization to show the 
interconnections between the activities and the 
decomposition of the process(8). In this research, the 
integration definition for function modeling (IDEF0) is 
used. IDEF0’s roots has been initiated to form when the 
air force in response to the identification of the need to 
improve manufacturing operations(9). IDEF0 is        
a modeling tools used to produce a model or structured 
representation of the functions of a system and of the 
information flow and the physical flow between 
activities of an organization and across the supply 
chain(10)(11). IDEF0 helps the organizations to develop  
a basis for process improvement planning and have    
a foundation to define information requirement(12). 
 
2.2 Supply Chain Integration Model 
The Supply Chain Integration Model (SCI Model)(3) 
is used to study the association with supply chain 
management and to find the corporations that could be 
better adjusted. Bywhich, the design and development 
can be adapted from the model within this international 
supply chain(5)(13). SCI Model is constructed by 4 major 
criteria, i.e., infrastructure, institutional, businesses and 
people. In these 4 major criteria, there are sub-criteria 






















Fig. 1 SCI model 
3   METHODOLOGY 
 
In this research, the study started from investigating 
the supply chain of imported mangoes by using 
Business Process Mapping (BPM), and then, 
comparing the differences of supply chain links 
between Thailand and Japan, in order to find ways to 






















Fig. 2 Concept to improve Supply Chain 
 
3.1 Business Process Mapping 
An overview of the supply chain system was 
investigated using IDEF0 on events that occurred in the 
mango supply chain in Thailand. The current condition 
(AS-IS) as the actual order is used to find improvement 
in the future (TO-BE). The process began from 
upstream to downstream. Farms and middle man, 
which was used to gather information, are an union in 
Amphoe Phrao in Chiang Mai Province. Other supply 
chain member, ie, the exporter, the vapor heat treatment 
factory and the freight forwarder are in Bangkok. Data 
was collected during June to August 2010. 
 
3.2 Supply Chain Integration Model (SCI Model) 
The research team, from the Supply Chain and 
Engineering Management research unit of Chiang Mai 
University, has collected the information regarding to 
the SCI Model requirement and therefore has found a 
correlation between agencies of the food exported 
supply chain to Japan, starting from the production, 
delivery, distribution and export from Thailand. Also 
included is the import, shipping and distribution to 
consumers within Japan. This shows that there are 
many sectors concerned. The focus can be separated 
into 4 areas per the SCI Model, ie, the infrastructure, 
institutional, business and people. Infrastructure and 
institutional are basically the support and promotion 
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from the government. Business is, on the other hand, to 
determine the effectiveness of the private sector such as 
cost time and reliability(14).  Here, LPAT (Logistics 
Performance Assessment Tools)(15) is used as the 
assessment of the logistics performance of the supply 
chain member. Finally, people is the section that 
indicates an overview of the individual. The evaluation 
is based on 1-5 ranking, where “5” is the highest 
ranking (for example, the organization or government 
can well corporate to joint venture to another 
organization) and “1” is the lowest ranking (for 
example, the organization ignore all activities that are 
performing at the present, not be assimilated to the 
present circumstance). The expert evaluation and the 
research team have then scored in the query. 
 
4   RESULT AND DISCUSSION 
 
This research focused on Thai popular mango – 
“Nam Dok Mai” cultivar.  The supply chain separates 
into 5 activities as show in Figure 2. 
 
(1)  Farmer: the activity starts from the input as the 
purchasing order by the middle man (whereas the 
exporter have made a contract and purchase 
directly to middle man). Before flowering mango, 
farmer will realize the approximate quantity of 
mangoes and will confirm these figure to the 
middle man 1-2 days before harvesting. The 
process of growing mangoes will start with 
“Planning growth”, “Sourcing materials”, 
“Production technologies”, “Prevent oriental 
fruit”, “Agrochemical control” and “Harvest”. 
Farmer has to get “Good Agricultural Practices 
(GAP)” from the Department of Agriculture 
(DOA). The output from farmer is ripe yellow 
mango (farmer will grade mangoes) and then be 
sent to middle man.  
(2) Middle man: the input is the purchasing order 
from exporter and sent to farm to confirm order. 
Before the harvest, middle man have to sample 
the product to the Department of Agriculture 
(DOA) to check the agrochemical substances. 
After get the result (around 1 week), middle man 
will inform the farmer to start harvesting 
mangoes. When middle man receive product from 
farmer, they recheck the size and the ripeness of 
the mangoes before sending it to the exporter. 
Mangoes will be packed in plastic container and 
load to the truck, covered with canvas. The 
transportation will take around 8-12 hours. 
(3) Exporter: after exporter receives the customer 
requirement and purchasing order from Japan, 
they will plan the operation, prepare the export 
document, purchase raw material and contact the 
middle man. When the mangoes arrive, exporter 
will check size, color and ripeness. Mangoes will 
be washed by water with the fungicides and 
boiled in fungicides at 50 C for 5 minutes. After 
pack in plastic container, mangoes will be sent to 
vapor heat treatment plant. 
(4) Vapor heat treatment: the treatment is commonly 
controlled by Japan delegate. The mango must be 
subjected to vapor heat treatment to kill fruit fly 
larvae and pathogens causing anthracnose and 
blossom end rod adhering to ripe yellow mango 
from field. It takes approximately 1 hour per 2000 
kg in this process. Mangoes will then be sent to 
air pressure drier.  Then weight selection and in 
case of no blemish, cleaning the skin, the label 
will be attached to indicate code for traceability 
and be kept in warehouse.  
(5) Freight forwarder: The documents for import 
include the certificate of Pesticide and Residues 
Phytosanitary certificate. The truck that use for 
transport mangoes to airport have to be a cold 
storage truck. 
Total duration in Thai Mango supply chain can be up 
to 1-2 days , including harvest mango transportation, 
vapor heat treatment and export to Japanese Market. 
Studies have found that traceability does not existed 
since there are no label or identification to the mango 
lots. Where the basket has the same color and no 
identification, should any pesticide has been detected, 
they will be rejected as a whole lot.  Then it cannot 
be exported.  
 
5   BENCHMARKING THAI MANGO 
SUPPLY CHAIN 
 
The objective of this research is use SCI Model         
to benchmark between Thai and Japan sides.            
In figure 3 SCI Model compared Thai and Japan sides 
to benchmark is shown. It is obvious that the Japan side 
shows good performance than Thai side in overall. 
Where the Thai gets lower points in all fields than the 
Japanese in approximately 1-2 rank. The worst criteria 
of Thai side, as scored 2, are in the sub-criteria 
“Transportation Network”, “Safety and Standard” and 
“Behavior”. Where in the Transportation network 
criterion, Thailand is far behind Japan. In Japan, the 
transportation is well controlled as in the “cold chain”. 
In Thailand, the transportation is still based on normal 
truck and temperature is uncontrollable.  Also from 
the inspection, it can be found that the Safety and 
standard in Thailand is diverse on various standards 
such as GAP or GMP. The sub-criteria “Behavior” is 
found a big gap where Japanese customer do not realize 
the Thai mango characteristics where Thai Mango is 
only popular in summer only. Therefore Thailand’s 
Government should exploit and show the different way 
to consume such as how to cook mango and to make 
confidence about food safety and food quality in Thai 
Food.    
However, in some criteria, it can be found that Thai 
side get the same level as the Japanese such as 
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Information Technology and Trading Relations.  
It shall be noted here that the scoring is based on the 
weakest link (in each country).  For example, the sub-
criterion Safety and Standard, Thailand is scored 1.  
Whist investigate into the supply chain member, even 
though middle-man, exporter, vapor heat treatment and 
freight forwarder were scored 2, 4, 4 and 4 respectively.  
However, farmers are scored 1.  Therefore, for this 
sub-criterion, Thailand is scored 1 (see Table 1). 
 
Table 1 Thailand’s Safety and Standard Sub-Criterion  
KPIs 









































1 2 4 4 4 1 
 
For Japanese side, the best practice (scored 5) is 
presented in sub-criteria as “Cooperation with 
Government”, “Quality and Standard”, “Reliability” 
and “Inter-organization Communication”.  
 
6.   CONCLUSION 
 
The objective of this research is use SCI Model to 
benchmark between Thailand side and Japan side to 
indicate the weakest link in the supply chain linkages. 
This study applied IDEF0 and adapted SCI model in 








































Fig. 3 SCI model compared Thailand and Japan 
 
The weakest link is found to be a farmer and middle 
man. Where they do not realize the important of the 
supply chain and ignore a contract farming with 
exporter. This is a somewhat a big mistake that will 
cause a lot of problem. The problem is mostly found at 
the upstream in Thai side such as traceability, contract 
missing and lack of information. This problem initiate 
the gap within SCI Model. In terms of sub-criteria,  
“Transportation Network”, “Safety and Standard” and 
“Behavior” are among the weakest link of Thai supply 
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1   INTRODUCTION 
 
Presently, many companies around the world have to 
face more competition to response customers need in 
term of cost, quality and time. Based on production 
environments, production and control system in 
make-to-order (MTO) is more complicated from 
several uncertainty factors involved(1) . The 
characteristic of MTO environment is to produce high 
variety of products in low volume(2) . Moreover, many 
MTO companies operate by using job shop production. 
Job shop is production system that typically deals 
jobs differ with respect to the set of operations to be 
performed, with respect to the sequence in which the 
operations must be executed, and with respect to 
processing times during fabrication(3) . Researchers 
have developed many tools and techniques to find 
better solutions for this attractive problem. However, 
workload control (WLC) is a promising mechanism 
amid others as suggested by Hendry and Kingsman(4) .         
The development of WLC has highlighted the 
benefit of control policies that has been recognized for 
job shop practices. An order release and review (ORR) 
technique plays a majority role to manage the transition 
of production orders from production planning to the 
shop floor control(5) . One of major parts of ORR is the 
order entry phase, which deals with production order 
preparation, processing requirement, and job routing(6) . 
Value network mapping (VNM) is an alternative 
approach of the value stream mapping (VSM)(7) . All 
parts on shop floor are mapped in the complete network 
flows with detailed data. VNM can apply with job shop 
companies where produce products such as equipment 
cabinets, jigs and fixtures, small turned parts etc. 
An objective of this research is to use a case-based 
approach to apply VNM for supporting data in ORR 
strategy. An empirical study is an actual manufacturer 
of precision tool engineering that operates in job shop 
environment. The remainder of the paper is organized 
as follows. Section 2 presents a literature review. A 
proposed method is described in section 3. Section 4, 
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necessary data are clearly shown for production planner in order to prepare for performing an
optimization analysis in order release phase. 
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an overview about the case organization is provided. 
Results and discussion of the proposed method are 
mentioned and analyzed in section 5. Finally, section 6 
presents the conclusions of the paper and suggestions 
for future research. 
 
2   LITERATURE REVIEW 
 
2.1 The order entry phase in workload control concept 
A significance approach for job shop production is 
based on WLC concept. This concept buffers the shop 
floor against the dynamics of arriving orders by using 
input/output control. A typical WLC concept consists 
of three major decision moments; order entry phase, 
order release phase and dispatching phase, respectively. 
At each phase is operated as a class of hierarchical 
capacity-oriented with input control and output 
control(8) . On the one hand, input control regulates the 
allowable jobs to the next level, acceptance jobs for 
entering into the pool, releasing jobs to shop floor and 
dispatching jobs for processing. On the other hand, the 
control of workload through regulation of the outward 
flow is leaded by medium term, short term and daily 
capacity management. Additionally, due date 
assignment or due date acceptance is also considered at 
order entry level(9) . Figure 1 presents the hierarchical 


















Fig. 1 Input and output control in WLC concept 
 
Ossterman et al.(10) asserted that an job release is an 
important decision within WLC concept because it 
determines when each job should enter to the shop 
floor and remains on the floor until its operations have 
been finished. However, job entry control has 
influenced to prepared information before releasing 
selected orders. The job routing is defined and the 
availability of the required materials, tooling and 
fixture is provided. More detailed planning for the 
workload of the job is generated.   
    
2.2 Overview of value network mapping 
One of the effective tools for implementing lean 
production is value stream mapping (VSM). VSM is a 
powerful tool which not only expresses material flows, 
but also provides information flows(11) . However, 
many researchers observed that job shop environment 
companies have multiple streams coming together. 
Therefore, it fails to map VSM. VNM is generated to 
eliminate this weakness.     
Unlike traditional flow mapping tools, VNM is 
developed to map the complete flow network in a value 
stream for complex product, complex bill of material 
(BOM) and several levels of assembly(12) . This 
approach was proved to support facility improvements 
i.e. the creation of manufacturing cells and the addition 
of material handling information(13) .  
VNM integrates and enhances basic industrial 
engineering (IE) tools such as multi-product process 
chart (MPPC) and flow process chart (FPC) to 
elaborate algorithms for clustering of identical 
manufacturing routing and outline the improvement 
facility layout. Moreover, these algorithms utilize data 
structures that capture the complete assembly structure 
of the product instead of focusing only the key 
components.  
 
3   METHOD 
 
A proposed method is depicted in Figure 2. The 
various steps are described below 
(1) Use products BOM and the manufacturing 
routings of the components in the BOM. MPPC, 
the basic IE tool, is generated in this step for 
showing the flow in the facility. 
(2) Collect detailed data for enhanced flow process 
chart (FPC). The enhanced FPC is a data 
collection tool to record all operation, transport, 
delay, inspection, material handling and 

















Fig. 2 A schematic diagram of proposed method 
 
(3) Group products into families. Data are collected 
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the basis of the pair-wise similarity coefficients 
(PWSC) which is obtained by the “Jaccard” 
similarity function as below 
 
             ??? ? ??????????????????????????????        (1) 
 
where ? ? ??? ? ?; ???= number of machines 
used by both part ‘i’ and part ‘j’ (number of 
matches); ??= number of machines used by part 
‘i’ only; ??= number of machines used by part 
‘j’ only; ???= number of machines that are used 
neither by part ‘i’ nor by part ‘j’ (number of 
misses). 
(4) Draw the level 1 (product family) and level 2 
(component family). These maps of VNM state 
the material handling information associated 
with every flow of parts on any machines.  
 
4   CASE STUDY  
 
The research is applied in a job shop MTO company, 
precision tools engineering. Due the higher work in 
process (WIP) levels and the increasing of jobs, the 
instinctive style for scheduling can not successfully 
used by the planner. Hence, this company finds a new 
approach to support the planner for reducing WIP, 
reducing lead times, improving delivery date devotion.  
This paper illustrates some products which 
processing data and sequence data were obtained from 
the company. This company has 11 stations including 
drilling machine, CNC machining center, wire cut 


























Five illustrative products are displayed in the form of 
MPPC as shown in Fig 3. The use of MPPC is 
preferable to deal with a number of products. This tool 
can be used not only as input for a cluster analysis 
procedure, but also exploration the identification 
process. A friendly-user form as enhanced FPC is 
employed to determine all necessary data. Figure 4 
displays the enhanced FPC for one component in the 
case study.  
 
5   RESULTS AND DISCUSSION 
 
From previous section, results are structured 
according to provide essential information at order 
entry phase in WLC. 
A cluster analysis is operated to group components 
with similar manufacturing path into same families. 
The PWSC, which is exhibited in Table 1, is calculated 
by applying equation 1 (“Jaccard” similarity function) 
with the MPPC. It is benefit to visualize the 
arrangement of the cluster in dendrogram that is shown 
in Fig. 5. The clustering dendrogram state that 
components can be partitioned into 3 clusters; 
{7,8,6,11,1, 3}, {2,5,12} and {4,9} with 1 exceptional 
component 10 .   
Finally, to map a large number of different flows can 
be divided at two levels. MPPC and enhanced FPC are 
integrated to map the flows of a complete family of 
products at level 1. At level 2, each family flow is 
mapped by using MPPC, enhanced FPC and the cluster 
dendrogram. Level 1 diagram and level 2 diagram for 
component family 1 are presented in Fig. 6 and Fig. 7, 
respectively.              
























 Fig.3 A multi product process chart 
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The case study produces a wide range of products 
that use different combination of parts, whose routing 
will characterize different work centers located in the 
same facility. The application of VNM with level 1 and 
2, both levels of flow mapping effort to combine and 
/or merge several flows in order to generate more 
compact flow diagram without eliminating any 
components. 
 
6   CONCLUSION 
 
This research applies VNM to support data in order 
entry phase of WLC concept. A variety of material 
flow analysis and product grouping tools are employed 
to use in the empirical study which operates in job shop 
environment. It is fruitful to handle multiple products 
in complex bill of material and becomes easier to 
visualize for anticipation a bottleneck. All necessary 
data are clearly shown for production planner in order 
to prepare for performing an optimization analysis in 
order release phase. Future studies should perform an 
optimization method at order release phase by useful 




































P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 
P1 1 0.563 0.775 0.333 0.475 0.696 0.696 0.696 0.463 0.426 0.563 0.491 
P2 1 0.563 0.463 0.883 0.393 0.393 0.393 0.657 0.333 0.000 0.646 
P3 1 0.333 0.696 0.491 0.491 0.491 0.463 0.618 0.333 0.281 
P4 1 0.393 0.393 0.393 0.393 0.657 0.333 0.000 0.000 
P5 1 0.333 0.333 0.333 0.549 0.491 0.000 0.563 
P6 1 1.000 1.000 0.549 0.281 0.883 0.563 
P7 1 1.000 0.549 0.281 0.883 0.563 
P8 1 0.549 0.281 0.883 0.563 
P9 1 0.000 0.000 0.000 
P10 1 0.333 0.281 
P11 1 0.646 
P12 1 
Table 1 Jaccard similarity matrix
Fig.5 Part family dendrogram 
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1   INTRODUCTION 
The crucial final step of hard disk drive arm 
manufacturing is the hard disk drive arm cleaning 
process (1-2) before quality control procedure and 
delivery. The dust and particle are vulnerable to 
semiconductor production. Consequently, the hard disk 
drive arm cleaning process is important to remain the 
product quality. The company forecasted that the 
demand from customer will increase and exceed the 
current production capacity in the near future. To 
support more demand, the company has a 
determination to increase efficiency and capacity of 
production without effecting to the product quality. 
Our research mainly focuses on the simulation model 
of hard disk drive arm cleaning machine created by 
ARENA software (3-4) to determine line balancing of 
process by using 2k factorial design (5) in the simulation 
model. The relation is to find which sub-processes 
relate to the cycle time and using the flow process chart 
to find which step of sub-processes can be eliminated 
or reduce time. The present cycle time is 306 seconds
  
and this research targets to determine a minimum cycle 
time that will not effect on the quality. If capacity is 
increased, the operation will gain more effectiveness 
including a particular process in production. The 
company also will have a capability to satisfy 
customers without adding a new machine for the 
increased demand in the future. 
2   METHOD 
2.1 Study hard disk drive arm cleaning process 
The hard disk drive arm cleaning process uses an 
automatic machine, which works by robot arms to 
transfer products between sub-processes. Figure 1 
describes the image of hard disk drive arm cleaning 
machine with the movement function of robot arms. 
Before the machine enabling, workers arrange products 
into the particular container, then load it into the 
machine and then robot arms pick up a container to 
each sub-process. This machine has 9 sub-processes 
and one station per sub-process except the eighth 
sub-process has two stations. The main task of the first  
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Fig. 1 Image of hard disk drive arm cleaning machine with the movement function of robot arms.
through sixth sub-processes is cleaning the product and 
the seventh through ninth sub-processes dry the product. 
The eighth sub-process has two stations for reducing a 
cycle time due to the longest operation time. Operation 
time of sub-processes is described in Table 1. 
Table 1 Operation time of sub-processes in hard disk 
drive arm cleaning machine 
Sub-process Station Operation time 
(Second) 
1 1 180 
2 2 180 
3 3 180 
4 4 180 
5 5 180 
6 6 180 
7 7 240 
8 8,9 390 
9 10 190 
 For robot arms, this machine has 8 robot arms with 
a different movement function to transfer a container. It 
is described in Table 2. The first through seventh robot 
arms transfer a container between two stations but 
eighth robot arm transfers a container among five 
stations. 
2.2 Create simulation model with ARENA software 
The creation of simulation model with ARENA 
software can be concluded with 4 steps as follows:  
 (1) Set boundary of system. Range of this research 
initiates from a container loading into a machine to a 
finishing process and 8th robot arm transfers a container 
to the next process. The boundary primary concerns 
about effectiveness and production capacity from less 
cycle time. 
(2) Create the simulation model. The model is 
developed by studying the mechanism and relative 
operation between sub-processes in the machine and 
then using ARENA software to create the simulation 
model. The mechanism and relative operation are 
pointed out as follows: 
• Mechanism of each robot arm and sub-process in 
machine  
• The relative operation of moving robot arm 
when pick up and don’t pick up container. 
(3) Data preparation. The data collection 
concentrates on the operation time relating to all 
processes. After that, the collected data will be used to 
determine a proper distribution form of data by analysis 
of ARENA software and add them into the simulation 
model. The operation time is classified as follows:  
• Cleaning and drying product time of each 
sub-process. 
• Robot arms moving time when pick up and don’t 
pick up container. 




From station To station 
1 Load Station 1 
2 Station 1 Station 2 
3 Station 2 Station 3 
4 Station 3 Station 4 
5 Station 4 Station 5 
6 Station 5 Station 6 
7 Station 6 Station 7 
8 
Station 7 Station 8 or 9 
Station 8 or 9 Station 10 
Station 10 Unload 
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(4) Test the accuracy of the simulation model. The 
test uses comparison of results between the simulation 
model and actual situation. This research uses a cycle 
time as a primary result for testing accuracy. 
Figure 2 show simulation model of process with 
ARENA software. After the simulation model was 
developed and filled distribution form of all operation 
time into the simulation model, the test compared a 
cycle time between the actual situation and the 
simulation model as describes in Table 3 (n=15). The 
data shows no significance different at the 0.05 level of 
testing by two samples t-test so the simulation model is 
reliable for the problem analysis and solving. 
Table 3 Comparison of cycle time between actual 











Max 311 306.01 1.60 
Average 306 305.95 0.02 
Min 301 305.90 -1.62 
2.3 Analyze simulation model 
After brain storming with engineers of the company, 
some sub-processes use  operation time and 
have a possibility to reduce. Therefore, the analysis 
determines which sub-process has effect on cycle time 
(when an operation time is reduced, a cycle time is 
reduced). Technique of this research is the 
experimentation 2k factorial design in the simulation 
model (6-7). This technique has been popularly used by 
previous researchers to simulate and analyze before 
applying to the actual situation. This research uses a 
cycle time be a result of experiment. Sub-processes that 
were used in the experiment include four sub-processes 
as follows: 
• 6th sub-process  
• 7th sub-process  
• 8th sub-process  
• 9th sub-process  
Next, the experiment was determined a level of each 
sub-process by using an experience from the 
company’s engineer. The experiment design and the 
experiment response are described in Table 4. 
The experiment was analyzed the result by 
MINITAB software for determining which 
sub-processes have an effect on a cycle time. The 
analyzed result could be explained by normal 
probability plot of effect (see Figure 3). In conclusion, 
the 6th sub-process (A), 7th sub-process (B), 9th
sub-process (D) and the combined effect between the 
6th, 7th and 9th sub-process had the effect on the cycle 
time. The next step was determining line balancing 
condition of the process for reducing a cycle time.
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1 150 180 360 160 270.91 
2 180 180 360 160 300.89 
3 150 240 360 160 305.03 
4 180 240 360 160 305.03 
5 150 180 390 160 270.91 
6 180 180 390 160 300.85 
7 150 240 390 160 305.92 
8 180 240 390 160 305.92 
9 150 180 360 190 285.80 
10 180 180 360 190 300.88 
11 150 240 360 190 305.80 
12 180 240 360 190 305.66 
13 150 180 390 190 285.80 
14 180 180 390 190 300.85 
15 150 240 390 190 305.92 

















































Fig. 3 Normal probability plot of effect from 
experiment

2.4 Determine line balancing condition 
The flow process chart (8) of 6th, 7th and 9th
sub-processes were created for determining line 
balancing (see Figure 4-6).  
According to Figure 4, some steps including the 3rd
and 4th steps consist of idle time that causes a delay. 3rd
step cannot be improved because the function related to 
the machine software, which needed a programmer 
from a vendor to modify it with extra cost so the 
company did not choose this option to save an expense. 
4th step directly relates to an operation time of 7th
sub-process. If the operation time of 7th sub-process is 
decreased by 5 seconds, it’ll eliminate idle time in 4th
step of 6th sub-process and make the cycle time of 6th




Detail Symbol Time 
(Second) 
1 Clean product 180 
2 7th robot arm picks up 
container in 6th
sub-process   
71 
3 Wait 1st robot arm 
picks up container in 
load station   
32 
4 Wait 8th robot arm 
transfers container 
from 7th to 8th
sub-process 
5 
5 6th robot arm 
transfers container to 
6th sub-process and 
starts cleaning again 
18 





Detail Symbol Time 
(Second) 
1 Dry product 240 






3 7th robot arm 
transfers container to 
7th sub-process and 
starts drying again 
32 
Fig. 5 Flow process chart of 7th sub-process
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Fig. 5 Flow process chart of 7th sub-process










Detail Symbol Time 
(Second) 
1 Dry product 190 
2 8th robot arm picks up 
container in 9th
sub-process and 
transfers to unload 
station  
50 
3 Wait 8th sub-process 
dry finish 
20 




sub-process and start 
drying again 
46 
Fig. 6 Flow process chart of 9th sub-process
According to Figure 5, there is not idle time in steps 
so the cycle time reduction can solely make in the 7th
sub-process, which is drying time in 1st step because 2nd
and 3rd steps depend on a speed of robot arms that 
cannot increase more speed. 
Figure 6 represent that there is idle time occurring in 
3rd step. This step relates with an operation time of 7th
sub-process. If the process decreases an operation time 
of 7th sub-process by 20 seconds, the 3rd step of 9th
sub-process will be eliminated and make the cycle time 
of 7th and 9th sub-processes equal to 286 seconds. 
Concluding, this process can make line balancing by 
reducing the operation time of 6th sub-process for 15 
seconds and the 7th sub-process for 20 seconds. The 
new cycle time is 286 seconds. Moreover, if the 
operation time of 6th, 7th and 9th sub-processes is 
reduced, the cycle time will be reduced too. 
2.5 Minimize a cycle time 
After determining the line balancing condition, the 
next task is determining how to reduce the operation 
time of 6th, 7th and 9th sub-process without effect on the 
product quality. 
According to Figure 4, the 2nd step, which equips the 
7th robot arms for picking up a container during the 6th
sub-process, uses an operation time 71 seconds that is 
the longest time of robot arms spending for picking up 
a container. This step obviously needs to increase an 
operation speed. After speed boosting, an operation 
time was reduced from 71 to 19 seconds or overall of 
operation time in the 6th sub-process was reduced 52 
seconds. In order to create line balancing, the 7th
sub-process must be reduced an operation time for 57 
seconds and the 9th sub-process must be reduced an 
operation time for 37 seconds. 
From Figure 5 and 6, the operation time can solely 
be reduced at the 7th and 9th sub-process by decreasing 
the drying time because the other steps were depending 
on a speed of robot arms, which currently reach the 
maximum speed. The drying time of 7th sub-process 
must be reduced for 57 seconds and 9th sub-process 
must be reduced for 37 seconds. For convenience of 
engineers and workers to perform the maintenance and 
performance condition checking, company’s engineers 
chose to decrease the drying time of 7th sub-process for 
60 seconds and 9th sub-process for 30 seconds. Then, 
the new condition was used in the simulation model to 
confirm a result. The new cycle time was about 257 
seconds approving an improvement of the condition for 
using in the actual situation. 
After applying the new condition, the actual cycle 
time was reduced exactly to 257 seconds and the 
product quality did not change including regulation 
pass that particles must be lower than 80,000 particles 
per cm2. Table 5 shows a comparison of particle 
quantity size 0.3 µm per cm2 on a product before and 
after improvement. The data shows no significance 
different at the 0.05 level of testing by two samples 
t-test. 
Table 5 Comparison quantity of particle size 0.3 µm 
per cm2 on product between before and after 
improvement 
Data Before After 
Average 11,835 13,948 
SD 2,846 5,033 
Max 19,228 27,015 
Min 6,082 6,138 
3   CONCLUSION 
The aim of this paper is to reduce a cycle time of the 
hard disk drive arm cleaning process to support the 
growth of demand in the future without effect on the 
product quality by using the simulation model and 2k
factorial design experiment. After improvement, the 
cycle time of process was reduced from 306 seconds to 
257 seconds. In another word, the company gains more 
capacity from 26,470 to 31,517 pieces per day and this 
improvement did not pay an extra expense. 
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Table 1: Processing Times at each Work
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Figure 3: The Process Flowchart for Product A 


  Flowchart Modules






? ?????????? ??????? ??? ???? ????? ??? ???????
????????????????????????????????????????
????????? ??????? ??? ????? ???? ?? ????????
?????????????????????????????????????????????????
? ????????????????????????????????????????
??????????? ????????? ????? ??? ????????????? ???????? ????? ??
????????????????
? ?? ????????? ??????? ??? ?? ??????? ?????





? ?? ???????? ??????? ??? ???? ?????? ???????
???????????????????
?



















0    
     0
Batch 1













































?? ? ? ? ? ?? ? ? ?? ? ??? ?
? ? ??? ? ? ? ???? ? ? ? ? ? ? ? ? ?
?? ??? ?? ? ??? ? ???? ? ?
? ? ? ? ? ? ?? ? ? ????? ??? ??
? ? ?? ? ? ? ? ??? ? ? ?? ?? ? ??
? ? ? ? ??? ?? ??? ?? ??? ? ??
?? ? ? ???? ? ??? ? ? ??? ? ? ?
? ? ?? ?? ??? ? ? ???? ? ? ? ??
?? ?? ? ?? ? ?? ?

























Figure 3: The Process Flowchart for Product A 


  Flowchart Modules






? ?????????? ??????? ??? ???? ????? ??? ???????
????????????????????????????????????????
????????? ??????? ??? ????? ???? ?? ????????
?????????????????????????????????????????????????
? ? ?????????????????????????????????????
??????????? ????????? ????? ??? ????????????? ???????? ????? ??
????????????????
? ? ?? ? ???? ??? ?? ??????? ?????
?????????? ????????? ????????? ????? ??? ????????????? ????
???????????????????????????????
? ?? ??? ? ? ? ???? ? ??????????????????
??????????????????????????????????????????????????????????
???????????????????????????????????????
? ?? ???????? ??????? ??? ???? ?????? ???????
?? ? ? ? ? ?? ?
?



















0    
     0
Batch 1















































Figure 4: Production Simulation Model using Arena 
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1   INTRODUCTION 
 
Brushes are used in everyday life (1) like in oral care 
and in several industries such as brush sealing, 
electrical contacts, and road sweepers. In the field of 
oral tribology, Zhou and Zheng (2) reviewed the 
published papers dealing with dental wear, 
temporomandibular joint (TMJ), and saliva. Lewis and 
Dwyer-Joyce (3) visualized, simulated, and modeled the 
teeth cleaning processes. Lewis, et al. (4) examined how 
abrasive particles in toothpaste interact with the 
filaments and cause material removal from a stain layer 
on the surface of a tooth. Dogu, et al. (5) investigated the 
flow field for a brush seal operating with a certain 
bristle-rotor clearance. Shin and Lee (6) studied the 
effects of the wear behavior of copper–graphite brushes 
that provided sliding electrical contacts in a small 
brush-type DC motor. Vanegas Useche, et al. (7, 8) 
studied the dynamics of a freely rotating flicking brush 
in a road sweeper using a mathematical model. In all 
these cases, the physical behavior is an interaction 
between surfaces in relative motion (the tips of the 
brush bristles and the surface of the mated materials), 
namely, tribology. 
In this report, a preliminary experiment on friction 
and cleaning of brushes was conducted representatively 
by use of toothbrushes. The effects of the normal load, 
sliding speed, bristle stiffness, specimen material, 
surface roughness, and lubrication conditions on the 
friction coefficient and removal performance were 
examined. 
 
2   RIGS AND METHODS 
 
2.1 Reciprocating tester 
Figure 1 shows a schematic of the test rig (9). The rig 
mainly consisted of an electric motor (a brushless DC 
motor; rated output: 40 W) (10 in Fig. 1) and a 
controller (11), a crank and a shaft (9), a 
strain-gauge-type load cell sensor (rated load: 0.98 N, 
natural frequency: 350 Hz) (3) and dynamic strain 
amplifier (frequency response: 200 kHz) (2), a test 
toothbrush (5), a test plate (6), and a data logger (1). 
The test toothbrushes were reciprocated in 10-mm 
strokes at a constant rotation speed by the electric 
motor and the crank mechanism. 
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A simple test rig that produces reciprocating motion of toothbrushes was manufactured, and the
tribological characteristics of brushes were examined experimentally. The experimental parameters
were normal load (0.84–5.31 N), sliding speed (10.5–105 mm/s), mated plate specimen materials
(stainless steel, polytetrafluoroethylene, and polyethylene terephthalate), surface roughness of the
plates (0.03–5.30 mRa), stiffness of the brush bristles (medium and hard), and lubrication conditions
(dry and wet). The effects of the load, speed, materials, roughness, stiffness, and lubrication
conditions on the friction and cleaning were shown.  
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The toothbrushes were rubbed against the test plates, 
which were set in a basin on the mount (7); the mount 
was placed freely to move on the base with the balls of 
rolling-element bearings and connected to the probe of 
the load cell sensor with a specific screw. One end of 
the screw connecting the load cell sensor (3) and the 
mount (7) was manufactured to turn counter-clockwise 
for easy use.  
 
2.2 Test toothbrushes 
Toothbrushes were used as test brushes because of 
products familiar with the public and easily available 
on the market (10), although there were several types of 
brushes. Each brush head had 28 tufts with 25 bristles 
per tuft. The bristles were made of nylon. The tips of 
the bristles were semi-spherical, and the nominal 
surface of contacting top of the bristles was flat. The 
stiffness of the toothbrushes was categorized as 
medium and hard. 
Bristle stiffness was simply measured by the 
in-house tester shown in Fig. 2. The tester consisted of 
a hinge (a in Fig. 2), support (b), and weights (c). A 
15-mm-long bristle (d) was extracted from a test 
toothbrush and set at the end of the hinge. As the 
weight was increased, the buckling load, at which the 
bristle is bent, was measured. The load of one bristle 
was approximately 22 mN for the medium-bristle 
brushes and 56 mN for the hard-bristle brushes. 
 
2.3 Test plates 
Test plates 90-mm long, 20-mm wide, and 2-mm 
thick were prepared. The test plates were made of 
either stainless steel (SUS304D in the Japan Industrial 
Standards, JIS), polytetrafluoroethylene (PTFE), or 
polyethylene terephthalate (PET).  
A tooth is mainly made of enamel, pulp, cementum 
and dentine, but dental restrorative materials are 
consists of synthetic components such as amalgams, 
resin based composites, metal ceramics. We also 
primarily concern about tribology of industrial brushes. 
Therefore, we selected these materials of the plates. 
The surfaces of the test plates were roughened to 
three roughnesses using No. 60 and No. 240 emery 
papers. The calculated average roughness Ra of the 
surfaces was measured by a contact-type surface profile 
meter along and across the sliding direction 10 times 
each. The roughness  indicates the measured values of 
Ra:  = 0.10 ~ 0.14 mRa (smooth), 0.18 ~ 0.24 mRa 
(mid), and 0.27 ~ 0.43 mRa (rough) for the SUS test 
plates;  = 0.03 ~ 0.04 (smooth), 1.06 ~ 1.23 (mid), and 
2.80 ~ 3.47 mRa (rough) for the PET plates; and  = 
0.17 ~ 0.20 mRa (smooth), 1.38 ~ 1.83 mRa (mid), 
and 4.46 ~ 5.30 mRa (rough) for the PTFE plates. 
 
2.4 Procedure and conditions for friction tests 
The experiment was performed in the following 
order: The normal load W acting on the brushes was set 
at a specific lower value, and operation began with a 
lower sliding speed v, defined as the speed at the center 
of the reciprocating motion of the brush head. Under a 
constant load W and speed v, the frictional force F 
between the brush bristles and the test plate was 
measured with the load-cell sensor (3 in Fig. 1), and the 
signal was recorded on the data logger (1).  
The normal load W acted as dead weight and was set 
to six values: W = 0.84, 1.74, 2.63, 3.52, 4.42, and 5.31 
N. The sliding speed v was representatively defined at 
the center of the stroke. The speed v was set to four 
values: v = 10.5, 26.2, 52.4, and 105 mm/s, which are 
corresponding to the rotational speed n of the electric 
motor shaft: n = 0.33, 0.83, 1.67, and 3.33 s-1. The 
lubrication conditions were specified as either dry or 
wet; in the wet condition, lubrication by mineral water 
was applied.  
The force F varied markedly within a shorter rubbing 
period, so running-in was conducted to stabilize the 
initial surface conditions before each test with a new 
brush was begun. The running-in time was set at five 
hours for the medium-bristled brushes and one hour for 
the hard-bristled brushes following a preliminary test. 
The frictional characteristics were evaluated by the 
nominal friction coefficient f ( = F / W ), where F was 
defined as the force measured at the center of the stroke. 
Fig. 1 Reciprocating brush tester 
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For higher loads and higher speeds the frictional force 
was very large, so that the experiment was interrupted. 
2.5 Procedure and conditions for cleaning tests 
The cleaning effect was simply evaluated in terms of 
the removal ratio of painted ink on the test plates. The 
surface of the SUS plate was painted with water-based 
black ink. At specific time intervals during the rubbing 
test, i.e., at time t = 10, 30, and 60 min within the first 
hour, and every 60 min after the first hour, the surface 
of the plate was photographed by a digital camera. The 
photographs were processed by binarization software 
that replaced white pixels with zeros and black pixels 
with ones. The area ratio  of the black and white (zero 
and unity) pixels was calculated, and the differences 
between images taken before and after the test were 
evaluated. In the cleaning test, the normal loads were 
that W = 2.63 and 3.52 N, and the sliding speeds were 
that v = 10.5, 52.4, and 105 mm/s. 
 
3   RESULTS AND DISCUSSION 
 
3.1 Friction measurement 
Figure 3 shows the frictional force F versus the 
rotating speed n of the electric motor for the SUS test 
plate with a roughness  = 0.12 m, a medium brush, 
and the dry condition. The force F was increased for 
larger normal load, but F became slightly larger for 
higher speed conditions. Fig. 4 illustrates the friction 
coefficient f versus the load W at v = 10.5, 52.4, and 
105 mm/s. The coefficient f increased apparently as the 
load W decreased. 
Figures 5 and 6 depict the results using brushes with 
hard bristles under dry condition and the results with 
medium ones in the water-lubricated condition 
respectively, using the SUS plate.  
At higher loads in Figs. 4 and 5, the friction 
coefficient f for the medium-bristled brushes was 
slightly smaller than that for the hard ones under dry 
condition. Comparing Figs. 4 and 6, one can see that 
the friction coefficient f under the lubricated condition 
was somewhat larger than that under the dry condition. 
In this experiment, water did not function as a lubricant 
to reduce the friction. 
Figures 7 and 8 illustrate the effects of the roughness 
and test plate materials; PET and PTFE, respectively. 
In both figures the friction coefficient f was larger for 
greater roughness. The coefficient f also depended on 
the materials; f of the SUS plate was largest among 


















































Fig. 3 Friction F vs. reciprocating frequency 















Fig. 4 Effects of load W and speed on friction 













Fig. 5 Effects of load W and speed on friction 













Fig. 6 Effects of load W and speed on friction 













Experiment on Frictional Characteristics of Brushes Using Toothbrushes 
- 43 - 
For higher loads and higher speeds the frictional force 
was very large, so that the experiment was interrupted. 
2.5 Procedure and conditions for cleaning tests 
The cleaning effect was simply evaluated in terms of 
the removal ratio of painted ink on the test plates. The 
surface of the SUS plate was painted with water-based 
black ink. At specific time intervals during the rubbing 
test, i.e., at time t = 10, 30, and 60 min within the first 
hour, and every 60 min after the first hour, the surface 
of the plate was photographed by a digital camera. The 
photographs were processed by binarization software 
that replaced white pixels with zeros and black pixels 
with ones. The area ratio  of the black and white (zero 
and unity) pixels was calculated, and the differences 
between images taken before and after the test were 
evaluated. In the cleaning test, the normal loads were 
that W = 2.63 and 3.52 N, and the sliding speeds were 
that v = 10.5, 52.4, and 105 mm/s. 
 
3   RESULTS AND DISCUSSION 
 
3.1 Friction measurement 
Figure 3 shows the frictional force F versus the 
rotating speed n of the electric motor for the SUS test 
plate with a roughness  = 0.12 m, a medium brush, 
and the dry condition. The force F was increased for 
larger normal load, but F became slightly larger for 
higher speed conditions. Fig. 4 illustrates the friction 
coefficient f versus the load W at v = 10.5, 52.4, and 
105 mm/s. The coefficient f increased apparently as the 
load W decreased. 
Figures 5 and 6 depict the results using brushes with 
hard bristles under dry condition and the results with 
medium ones in the water-lubricated condition 
respectively, using the SUS plate.  
At higher loads in Figs. 4 and 5, the friction 
coefficient f for the medium-bristled brushes was 
slightly smaller than that for the hard ones under dry 
condition. Comparing Figs. 4 and 6, one can see that 
the friction coefficient f under the lubricated condition 
was somewhat larger than that under the dry condition. 
In this experiment, water did not function as a lubricant 
to reduce the friction. 
Figures 7 and 8 illustrate the effects of the roughness 
and test plate materials; PET and PTFE, respectively. 
In both figures the friction coefficient f was larger for 
greater roughness. The coefficient f also depended on 
the materials; f of the SUS plate was largest among 


















































Fig. 3 Friction F vs. reciprocating frequency 















Fig. 4 Effects of load W and speed on friction 













Fig. 5 Effects of load W and speed on friction 













Fig. 6 Effects of load W and speed on friction 
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3.2 Cleaning measurement 
Figures 9, 10, and 11 demonstrate the effects of the 
normal load, sliding speed, and bristle stiffness, 
respectively, on the removal area . As the brushing 
and rubbing time t increased, the area increased, and 
then gradually saturated. The repeatability was checked 
in the preliminary test, where it was obtained with a 
deviation of up to about three points. 
In Fig. 9 the area  at a higher load was larger than 
that at a lower load. In Fig. 10  was less affected by 
the velocity, although the cumulative sliding distance 
and the number of stroke times were increased in 
proportion to the speed. Moreover, in Fig. 11 the area 
under medium-bristled toothbrushes was larger than 
that under hard brushes. 
 
4   CONCLUSION 
 
For evaluating the frictional force and cleaning effect 
of brushes, a simple tester of toothbrushes was built. 
The effects of the load and speed on the friction 
coefficient, as well as the differences in the plate 
material, plate roughness, bristle stiffness, and 
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Fig. 7 Effect of roughness on friction coefficient 











Fig. 8 Effect of roughness on friction coefficient 











Fig. 9 Effect of load on removal area ratio  for 












Fig. 10 Effect of speed on removal area ratio  













Fig. 11 Effect of bristle stiffness on removal area 
ratio  for rubbing time t (v = 52.4 mm/s, W = 
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1   INTRODUCTION 
 
Tubular bellows is a mechanical device for 
absorbing energy or displacement in structures. It is 
widely used to deal with vibrations, thermal expansion, 
and the angular, radial, and axial displacements of 
components. It has been used for a long time in many 
engineering applications, therefore, numerous papers 
dealt with bellows have found in literatures. Many 
design formula of bellows can be found in ASME 
code(1). And the most comprehensive and widely 
accepted text on bellows design is the Standards of 
Expansion Joint Manufactures Association, EJMA(2). 
The study on characteristics of stress can be found in 
the following papers. Shaikh et al.(3) have performed an 
experimental work to analyze failure of an AM 350 
steel bellows. It is shown that the exposure of bellows 
to a marine atmosphere during a storage period of 13 
years is suspected to have caused the pitting. Browman 
et al.(4) have determined dynamic characteristics of 
bellows by manipulating certain parameters of beam 
finite elements of a commercial software. It is reported 
that, in comparison with the semi-analytical, their 
method has potential of considering axial, bending, and 
torsion degrees of freedom simultaneously, and the rest 
of the system, also modeled by beam or shell finite 
elements. The procedure was also verified by 
experimental results. Li (5) has investigated the effect of 
the elliptic degree of -shaped bellows toroid on its 
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Tubular bellows is a mechanical device for absorbing energy or displacement in structures. It is
widely used to deal with vibrations, thermal expansion, and the angular, radial, and axial
displacements of components. In the present study, the characteristics of stress in -shaped tubular
bellows are studied numerically. An -shaped of tubular bellows available in market is subjected to
internal pressure and deflection loads. The stresses are compared with the conventional U-shaped
bellows. Elastic analyses of a two-dimensional, axisymmetric model with structural solid elements
were carried out. A full convolution of each bellow was modeled. The dimensions of the bellows are
as follows: ir 64mm, 0r 77mm, q 11.5 mm, and thickness t 0.45mm. The bellows are
made of SUS321 with properties of E 193 GPa and  0.3. The numerical results show good
agrement with analytical results. The distributions of axial stresses are plotted for each bellows. It was
concluded that the most destructive stress in bellows was meridional bending stress. The meridional
bending stress in -shaped of tubular bellows are lower than the U-shaped ones but higher than in
toroidal bellows.  
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stresses. The calculated stress results of -shaped 
bellows with elliptic toroid correspond to experiments. 
The elliptic degree of -shaped toroid affects the 
magnitude of internal pressure-induced stress and axial 
deflection-induced stress. Especially, it produces a 
great effect on the pressure-induced stress. In order to 
keep the bellows strength and maintain its fatigue life, 
the toroid elliptic degree should be reduced greatly in 
manufacturing process, for example, at least lower than 
15%. Becht(6) evaluated the EJMA stress calculations 
for unreinforced bellows. Parametric analyses were 
conducted using linier axisymmetric shell elements. 
The analyses were carried out using commercial code 
finite element analysis. The prediction of meridional 
bending stress due to internal pressure and axial 
displacement were found to be accurate. However, 
prediction of membrane stress was found to deviate 
significantly from the finite element results.           
Some recent works focused on manufacturing 
process of bellows are also found. Faraji et al(7) 
reported evaluation of effective parameters in metal 
bellows forming process. The FEM commercial code 
LS-DYNA has been used and the results were 
compared with experiments. Faraji et al. (5) used a 
commercial FEM code ABAQUS Explicit to simulate 
manufacturing process of metal bellows. The objective 
is to find the optimum design parameters. Kang et al. (6) 
proposed the forming process of various shape of 
tubular bellows using a single-step hydroforming 
process. The conventional manufacturing of metallic 
tubular bellows consists of four-step process: deep 
drawing, ironing, tube bulging, and folding. In their 
study a single step tube hydroforming combined with 
controlling of internal pressure and axial feeding was 
proposed. 
Those reviewed papers show that there are needs for 
rigorous analysis and forming parameters of bellows. It 
is stated that the -shaped bellows have much better 
ability to endure high internal pressure than common 
U-shaped bellows. Their reliability and economy are 
remarkable in higher internal pressure situation(5). As a 
note, there are two types of -shaped bellows are 
usually found, toroidal bellows and conventional 
-shaped bellows. However, in literatures only design 
equations for toroidal bellows are found. In this paper 
the characteristics of stress of conventional -shaped 
of bellows will be analysed numerically. The resulted 
stresses will be compared with those of conventional 
U-shaped bellows and toroidal bellows. 
 
2   METHOD 
 
Geometry of a considered bellows is depicted in 
Fig. 1. In general, it is a tubular with inside diameter of 
bD  and consists of several convolutions. In the figure, 
four convolutions are shown and the bellows pitch is q . 
The shape of the bellows convolution can be divided 
into conventional U-shaped, -shaped, and toroidal 
bellows. These shapes are depicted in Fig. 2. In the 
present work, single ply bellows are only considered. 
 According to EJMA(2), there are five design 
equations usually used in bellows. They are 
circumferential membrane stress due to internal 
pressure (S2), meridional membrane stress due to 
internal pressure (S3), meridional bending stress due to 
internal pressure (S4), meridional membrane stress due 
to deflection (S5), and meridional bending stress due to 
deflection (S6). These design equations will be used in 
this paper.   
 
2.1 Design equations for U-shaped bellows  
The bellows circumferential stress due to internal 
pressure ( P ) is calculated based on equilibrium 
considerations. The equation for bellows 
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where mD is mean diameter of bellows convolutions. It 










Fig. 2 Convolution shapes of bellows 
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The bellows meridional membrane stress due to 
internal pressure is calculated based on the component 
of pressure in axial direction acting on the convolution 
divided by the metal area of root and crown. It is 




        (2) 
The bellows meridional bending stress due to internal 







             (3) 
The bellows meridional membrane stress ( 5S ) and 
meridional bending stress ( 6S ) due to deflection ( e ) 














5             (5) 
where pC , fC , and dC  are the factors to calculate 4S , 
5S and 6S , respectively. They are provided as diagram 
and table in EJMA(2). And bE is Modulus of Elasticity 
of the bellows. 
 
2.2 Design equations for toroidal bellows  
For toroidal bellows, meridional membrane stress 
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Here r  is mean radius of toroidal bellows convolution 
and mD is the median diameter of bellows convolution.  
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etES b             (8) 
1B  and 2B are factors provided in appendix I of 
EJMA(2). 
 
2.3 Numerical simulation  
In this study, ANSYS code is used to carry out 
numerical simulation. Structural solid element 8-node 
Plane183 is employed. Elastic analyses were carried 
out on a full convolution of the bellows with 
axysimmetric model. The computational domain is 
divided into 10 elements in thickness and 500 elements 
in length. The proper number elements test was 
performed, where 800 elements in length was tested. 
The results showed essentially the same. Therefore, the 
model with elements 10500 is used in all analyses. 
In the present analyses, a conventional -shaped 
bellows available in market with nominal diameter 
125A is picked to be analyzed (9). The bellows inside 
diameter is 128 mm with outside diameter of 154 mm, 
thickness of 0.45 mm, pitch of 11.5 mm, and height is 
12.5 mm. The bellows material is made of stainless 
steel SUS 321 with the modulus of elasticity of 193 
GPa and poisson's ratio of 0.3. The model of -shaped 
bellows and its constraints are presented in Fig. 3. In 
the present work, the internal pressure ( iP ) and axial 
deflection are only considered. In Fig. 3, the constraints 
due to internal pressure are only presented. For toroidal 
bellows the radius of the toroidal convolution is 
assumed to be r 5.5 mm.  
 
 




3   RESULTS AND DISCUSSIONS 
 
3.1 Numerical validations 
In order to validate the present numerical method a 
comparison test is performed. Since, solid element is 
used, the stress resulted from FEM is a local stress. 
However, the design equations result in averaged stress. 
Thus, the FEM stresses shown in comparison are the 
linearized one. The meridional membrane stress and 
meridional bending stress due to internal pressure of 
U-shaped bellows and toroidal bellows were calculated. 
The applied internal pressures  are 1 MPa, 1.5 MPa, 
and 2 MPa, respectively. The results are presented in 
Table 1. In the table, the results from analytical 
solutions by EJMA equations are also presented. The 
comparisons show a good agreement. 
The meridional membrane stress and meridional 
bending stress due to axial deflections are presented in 
Table 2. The applied axial deflections are 0.5 mm, 0.75 
mm, and 1 mm, respectively. In the table, the results 
from analytical solution by EJMA equations are also 
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presented. The comparisons for U-shaped bellows show 
a good agreement. However, for toroidal bellows the 
analytical solutions show a significant discrepancy. The 
discrepancy caused by the factors 1B  and 2B  
provided by EJMA(2). Thus, further study need to be 
performed to evaluate those factors. This is beyond the 
objective of the present paper.   
In general, the present numerical method show 
good agreement with results by EJMA equations, 
except for the toroidal bellows. Therefore, the method 
can be used to evaluate the characteristics of stress 
distributions in -shaped bellows.        
 




Internal Pressure [MPa] 





(Eq. (2)) 13.889 20.833 27.778
3S  
(FEM) 13.032 19.572 26.137
Ratio 0.938 0.939 0.94 
4S  
(Eq.(3)) 251.00 376.50 502.01
4S  
(FEM) 241.91 360.33 477.7 




(Eq.(6)) 12.733 19.099 25.466
3S  
(FEM) 13.596 20.366 27.128
Ratio 1.068 1.066 1.065
 
Table 2 Analytic and FEM stresses due to deflection 
Type of 
Bellows Stress 
Axial Deflection [mm] 





(Eq. (4)) 3.252 4.877 6.503 
5S  
(FEM) 3.389 5.169 7.02 
Ratio 1.042 1.059 1.079 
6S  
(Eq. (5)) 265.66 398.49 531.32 
6S  
(FEM) 239.49 357.85 476.05 




(Eq. (7)) 7.239 10.858 14.477 
5S  
(FEM) 3.686 5.481 7.254 
Ratio 0.509 0.505 0.501 
6S  
(Eq. (8)) 250.97 376.45 501.94 
6S  
(FEM) 172.65 254.41 333.71 
Ratio 0.688 0.677 0.665 
 
3.2 Comparison of design stresses of all bellows 
The present numerical method are now used to 
evaluate characteristics of stress for all bellows. The 
first comparison is meridional membrane stress due to 
internal pressure. The applied internal pressures are 1 
MPa, 1.5 MPa, and 2 MPa, respectively. The results are 
presented in Fig. 4. The figure shows that meridional 
membrane stress in -shaped bellows is lower than in 
toroidal bellows, but same value as U-shaped bellows.  
 
 
Fig. 4 Meridional membrane stresses due to internal 
pressure 
 
The comparisons of meridional bending stress of 
all considered bellows due to internal pressure are 
presented in Fig. 5. The figure shows that meridional 
bending stresses are higher than meridional membrane 
stresses. This suggests that meridional bending stress is 
more destructive than meridional membrane stress. The 
meridional bending stress of -shaped bellows is lower 
than U-shaped bellows, but it is higher than toroidal 
bellows.   
 
 
Fig. 5 Meridional bending stresses due to internal 
pressure 
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presented in Fig. 6. The applied axial deflections are 
0.5 mm, 0.75 mm, and 1 mm, respectively. The figure 
shows that meridional membrane stress in -shaped 




Fig. 6 Meridional membrane stresses due to axial 
deflection 
 
The comparisons of meridional bending stress of 
all bellows due to axial deflection are presented in Fig. 
7. Here, the meridional bending stresses are higher than 
meridional membrane stresses. This also suggests that 
meridional bending stress is more destructive than 
meridional membrane stress. The figure shows that 
meridional bending stress of -shaped bellows is lower 
than U-shaped bellows, but it is higher than toroidal 




Fig. 7 Meridional bending stresses due to axial 
deflection 
 
 Those comparisons reveal that the most 
destructive stress in bellows due to internal pressure 
and axial deflection is meridional bending stress. 
Furthermore, for both internal pressure and axial 
deflections the meridional bending stress of -shaped 
bellows is lower than U-shaped bellows, but it is higher 
than toroidal bellows. Thus, -shaped bellows is 
expected to have longer operational life than U-shaped 
bellows.    
   
3.3 Stress distributions due to internal pressure  

























Fig. 8 Axial Stress distribution of U-shaped bellows 


























Fig. 9 Axial Stress distribution of toroidal bellows due 


























Fig. 10 Axial Stress distribution on -shaped bellows 
due to internal pressure of 2 MPa 
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Fig. 10 Axial Stress distribution on -shaped bellows 
due to internal pressure of 2 MPa 
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 The axial stress distributions in the bellows due 
to internal pressure of 2 MPa for U-shaped, -shaped, 
and toroidal bellows are presented in Fig. 8, Fig. 9, and 
Fig. 10, respectively. It can be said that U-shaped and 
-shaped bellows show the similar distribution but 
they are different from toroidal bellows. In the 
U-shaped and -shaped bellows, the maximum axial 
stress takes place on the crown part. In the toroidal one, 
it takes places on the root part. 
 
3.4 Stress distributions due to axial deflection 
The axial stress distributions in the bellows due to 
axial deflection of 1 mm for U-shaped, -shaped, and 
toroidal bellows are presented in Fig. 11, Fig. 12, and 
Fig. 13, respectively. Those figures show that there is 


























Fig. 11 Axial Stress distribution on U-shaped bellows 


























Fig. 12 Axial Stress distribution on toroidal bellows 

























Fig. 13 Axial Stress distribution on -shaped bellows 
due to axial deflection of 1 mm 
 
 
4   CONCLUSSIONS 
 
The numerical study on characteristics of stress in 
-shaped bellows has been performed. The design 
stresses and distributions are compared with U-shaped 
and toroidal bellows. The main conclusion is that the 
most destructive stress in bellows due to internal 
pressure and axial deflection is meridional bending 
stress. Furthermore, for both internal pressure and axial 
deflections the meridional bending stress of -shaped 
bellows is lower than U-shaped bellows, but it is higher 
than toroidal bellows. Thus, -shaped bellows is 
expected to have longer operational life in comparison 




(1) ASME, ASME Boiler and Pressure Vessel 
Code-Section VIII, Division 1, Appendix 26 – Pressure 
Vessel and Heat Exchanger Joints, New York, 2000.  
(2) EJMA, Standards of Expansion Joint Manufacturers 
Association, ninth edition, New York, 2008.  
(3) Shaikh, H. George, G., and Khatak, H.S., Failure 
analysis of an AM 350 steel bellows, Engineering 
Failure Analysis, Vol 8, (2001), p571-576.  
(4) Broman, G.I., Jonsson, A.P., and Hermann, M.P., 
Determining dynamic characteristics of bellows by 
manipulated beam finite elements of commercial 
software, International Journal of Pressure Vessels and 
Piping, No. 77, (2000), p445-453.  
(5) Li, T., Effect of the elliptic degree of -shaped bellows 
toroid on its stresses, International Journal of Pressure 
Vessels and Piping 75, (1998), p951-954.   
(6) Faraji, Gh., Mashhadi, M.,M., and Norouzifard, V., 
Evaluation of effective parameters in metal bellows 
forming process, Journal of Materials Processing 
Technology, No 209, (2009), p3431-3437.  
(7) Faraji Gh., Besharati, M.K., Mosavi, M., and 
Kashanizadeh, H., Experimental and finite element 
analysis of parameters in manufacturing of metal 
bellows, Int. Journal of Manufacturing Technology, No 
38, (2008), p641-648.  
(8) Kang, B.H., Lee, M.Y, Shon, S.M., and Moon, Y.H., 
Forming various shapes of tubular bellows using a 
single-step hydroforming process, Journal of Materials 
－　53　－
Numerical Study on Characteristics of Stress in -Shaped Tubular Bellows 
- 53 - 
Processing Technology, No 194, (2007), p1-6 
(9) TOFLE, Expansion Joints, Company Profile, TOFLE 
Co. Inc., OSAKA, 2011 
Numerical Study on Characteristics of Stress in -Shaped Tubular Bellows 
- 53 - 
Processing Technology, No 194, (2007), p1-6 
(9) TOFLE, Expansion Joints, Company Profile, TOFLE 
Co. Inc., OSAKA, 2011 
－　55　－
Mem. Muroran Inst. Tech, 62 (2012) 55～58 
* Course of Mechanical Systems Engineering 
 
1   INTRODUCTION 
 
Elastomers are widely used in various applications 
because of their excellent characteristics such as low 
elasticity, insulation performance and flexibility. 
Because usual elastomer parts are mass production 
consumables, molding is adapted to fabricate elastomer 
parts. However, small lot fabrication of elastomer parts 
are required to realize variational products development 
like personalized products, innovative products 
development and so on. In order to achieve agile 
fabrication of elastomer parts, endmilling of elastomer 
recently begins to attract much attention. 
In the former researches for elastomers machining, 
machining error is one of the most important problem 
(1)-(3). Therefore, error modeling of elastomer 
endmilling is expected to be a basic knowledge for 
accurate parts fabrication of elastomer parts. 
In the conventional metal endmilling, cutting force 
during the endmilling is one of the dominant factors to 
machining error. Cutting force causes workpiece 
deformation and machine tool deflection. Because most 
elastomers have low rigidity, relationships between the 
cutting force and machining error are considered as 
fundamental characteristics. In this research, 
two-dimensional endmilling with straight edge 
endmills are investigated as an elementary step to 
model the relationship. Machining experiments are 
designed and executed to investigate how the cutting 
force affects the machining error. 
 
2   MACHINING ERROR IN ELASTOMER 
ENDMILLING 
 
Figure 1 shows an example of standard endmilling 
process. As illustrated in Fig. 1, a trajectory of endmill 
Experimental investigation of machining error  
in elastomer endmilling 
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This paper deals with fundamental investigation for machining error in elastomer endmilling. In the 
conventional metal machining, cutting force during endmilling is one of the most important factors to 
machining error. Because of low-rigidity of elastomers, influence of cutting force may be more 
important. Therefore, relationship between the cutting force and machining error is investigated. 
From the experimental results, it becomes clear that cutting forces affect to the machining error only 
in the down cut machining.  
 













Fig. 1 Side-milling 
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Fig. 2 Machining experiments 
is copied to the workpiece as a machined surface. 
Therefore, macroscopic workpiece deformation during 
the machining process affects machining error directly. 
Low rigidity workpiece like elastomers are easy to 
deform. In this way, workpiece deformation during the 
machining process is an important phenomenon. 
Because of this reason, workpiece deformation during 
the machining process has been investigated.  
In order to investigate the effect of workpiece 
deformation, cutting forces in error evaluation direction 
are measured. Then, correlation between measured 
cutting forces and machining error has been evaluated.  
Because workpiece deformation is caused by both of 
fixturing force and cutting force, it is desirable to 
separate the effects by fixturing and the effects by 
cutting force individually. In order to reduce influences 
of workholding and to clarify the datum plane, the 
elastomers are attached to the metallic base. We handle 
both of the elastomers and the base as a unit workpiece. 
 
3   MACHINING EXPERIMENT 
 
In order to investigate the machining error of 
elastomer endmilling, 16 cases of machining conditions 
are designed as listed in Table.1. Because it is well 
known that a feed rate of endmill affects cutting force 
significantly, four levels of feed rate are determined for 
machining experiments. Furthermore, workpiece 
deformation is significantly affected by the workpiece 
rigidity. Therefore, two levels of work thickness are 
prepared in order to evaluate the effect of workpiece 
deformation. Finally, both of up cut machining and 
down cut machining are evaluated because it is also 
well-known that there are big differences between up 
cut machining and down cut machining. 
In this experiment, we conducted machining with 
straight edge end-mill for urethane rubber (hardness: 90 
degree). Figure 2 illustrates schematic diagram of the 
machining experiments. Urethane workpiece is glued to 
the metallic base and the bases are fixed to the 
dynamometer.  
After the machining experiments, workpiece as a 
unit is released from the dynamometer and set on 
measuring equipment. Then, machined elastomers are 
measured by scanning laser displacement sensor. The 
surface of the base is used as the reference surface of 
measurement. From the height data of machined 
surface, machining error is estimated. 
 
4   RESULTS AND DISCUSSION 
 
4.1 Results 
As representing values of cutting force and 
machining error, three areas of machined surfaces are 
picked up (Area 1 and Area 3: about 2mm from the 
edge of workpiece, Area 2: center of workpiece). 
Maximum values of machining error and cutting force 
at selected areas are summarized. Concerning the 
cutting force, only normal direction(Y direction) of 
machined surface is evaluated.  
Figure 4 and Fig.5 show cutting force of each feed 
rate. Average value, maximum value and minimum 
value of Y direction cutting force for ten times rotation 
at selected areas are illustrated. Cutting forces in down 
cut machining is more influenced by feed rate than up 
cut machining. There is no clear tendency about the 
change of work thickness. 
 
Fig. 3 Measurement of workpiece 
Table 1 Machining conditions 
Cutting direction Up cut Down cut
Revolution[rpm] 4000
Feed rate[mm/min] 40 80 120 160
Depth of cut[mm] 5
Width of cut[mm] 1
Work thickness(WT)[mm] WT=10 WT=20
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Figure 6 and Fig.7 show measured machining error 
by up cut machining and down cut machining 
respectively. At cases of work thickness 10mm of up 
cut machining, some machined workpiece slipped from 
the base. Therefore, the data of feed rate 40 mm/min 
and 160mm/ min are eliminated. Figure 6 shows 
machining error with up cut machining. The results do 
not show clear tendency. On the contrary, Fig.7 shows 
weak linearity is observed. Because of the limitation of 
data quantity, it is hard to induce influence of work 
thickness to the machining error. 
Because the deformation of the workpiece in Y 
direction is a simple model of machining error directly, 
relationships between the maximum machining error 
and maximum cutting force of Y components at 
selected areas are summarized in Fig. 8 and Fig.9. 
These figures illustrate the results of up cut machining 
and down cut machining, respectively.  
 
4.2Discussions 
Different tendencies are obtained between down cut 
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machining, positive correlations between the machining 
error and maximum cutting force are observed except 
the several cases. On the other hand, no correlation 
between cutting force and machining is observed in up 
cut machining. These results indicate the workpiece 
deformation caused by Y component cutting force 
could be a dominant factor of machining error only in 
down cut machining. 
Furthermore, it has become clear that there are 
different error generation mechanisms between up cut 
machining and down cut machining.  
A possible reason is effects of X component cutting 
force. As shown in the Fig.10, in the down cut 
machining, maximum cutting force is generated at the 
beginning of the cutting which may cause less X 
component cutting force. On the contrary, maximum 
cutting force in the up cut machining is generated at the 
end of cutting which may cause larger X component 








(a) Up cut machining (b) Down cut machining
Moving direction Moving direction
Fig. 10 Cutting situations at maximum cutting force  
 
Finally, there is an error that cannot be explained 
because of machining error from static global elastic 
deformation. Irregular chip separation and / or effects 
dynamic vibration should be investigated in order to 





















5   CONCLUSION 
 
By using the straight edge endmill, basic tendencies 
of machining error in elastomer endmilling have been 
observed. From the experiment, it has become clear 
there are different error generation mechanisms 
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1   INTRODUCTION 
There is an increasing demand on developing 
autonomous mobile robots for fieldwork such as a mine 
detection robot (1) , a robot which performs the cleanup 
activity of a nuclear power plant (2), an under-water 
robot (3), a planetary exploration robot (4), a rescue robot
(5)  and so on.  
For field survey activities it is required to save 
working hours, work force and workers’ health. We 
have chosen a commercially available All Terrain?
Vehicle (ATV) as the base of the autonomous vehicle 
and developed several devices for throttle control, 
brake control (6), speed measurement, and a 
wire-winding steering system (7). In the study of 
autonomous vehicles using ATV, there is a UV 
(Unmanned Vehicle) project (8). This project adopts 
drive-by-wire and steer-by-wire system. The steering 
system requires heavy customization. The 
wire-winding system can be easily attached or detached.
When loosening the wire, drivers can interrupt the 
autonomous driving. 
In present automobile, many micro computers are 
employed and CAN bus networks are widely 
introduced. In the field of robotics, the CAN bus 
networks are utilized recently. In the study of 
RT-Middleware (9), a CAN bus is introduced. However, 
implementing RT component on our ATV is not easy.
Therefore we constructed a handmade CAN bus using 
microcontroller interfaces. The ATV has an automotive 
network using a CAN bus. Each device is connected to 
the CAN bus which has become possible to 
communicate with each of the data required for control.
In addition, a constant-speed driving has been achieved 
in the speed control system. 
In this paper, we introduce the CAN bus network to 
the autonomous ATV for the distributed control system, 
Development of the sensor and actuator node device
for an autonomous ATV
Makoto KOBAYASHI*, Yuuta TOCHIKUBO*, Jun DAI*, and Naohiko HANAJIMA**
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This paper addresses the development of sensor and actuator node device for an autonomous All 
Terrain Vehicle (ATV). Generally, the present field survey activities are performed by manual labors. 
The range of the field survey tends to be vast; therefore a lot of labors are needed. To realize the 
investigation of the environment with less manned labors, we add the functionality for automation to 
the ATV. In this paper, we introduce the CAN bus network to the autonomous ATV for the 
distributed control system, and construct the steering angle control system of the ATV and evaluated 
it.
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and construct the steering angle control system of the 
ATV and evaluated it. 
2 CONFIGULATION OF THE ATV 
2.1 Devices on the ATV 
 Figure 1 shows the ATV under developing in our 
laboratory. The base ATV (Suzuki Vinson LT-A500) 
has 493 cc SOHC engine, V-belt CVT automatic 
transmission with high/low range, and 2WD or 4WD 
modes. The body has two careers at the front and rear. 
Devices for autonomous running are installed on the 
front carrier. 
A generator on the rear supplies AC 100 Volts for the 
devices on the front carrier. The steering device, motor 
driver, D-GPS, LIDAR sensor, gyro orientation sensor, 
terminal PC, microcomputer board, and so on are 
installed in the aluminum frame and the device 
protective cover on the front carrier.  Rotary encoders 
mounted to rear wheel axis and the steering axis enable 
to measure the vehicle speed and the steering angle, 
respectively. Speed control device and brake control 
device on the left and right handle bar are attaced. The 
space on the rear carrier is reserved for the future 
development of environmental measurement 
equipments. 
2.2 Steering system 
Figure 2 shows the wire-winding steering system. In
a wire-winding device, a DC-motor rotates the 
wire-winding shaft as shown in Figure 2(a). Two 
winding devices are attached to a both side of the 
aluminium frame as shown Figure 2(b). The winding 
devices and the handlebar ends are connected by wires. 
Winding one side of the wire gives a steering torque to 
the handle. Therefore, when steering, one motor winds
one wire and the other loosens the other wire. 
2.3 Control network 
Figure 3 shows an automotive network before the 
introduction of CAN bus. In this network, all the 
control information is concentrated in the PC. In case 
of adding a new device, the PC needs to be provided a 
specific interface for the device and it increases the 
load of the PC. Therefore, a CAN bus is introduced in 
order to distribute the processing load.  
The features of CAN bus is high reliability, such as 
the determination of the multiple error detection 
elements, the judgment at the time of the error, and 
processing. Moreover, high-speed communication of 
up to 1 [Mbps] is available. It adopts a bus network 
topology so that wire-saving is possible compared to 
Figure 3. 
Figure 4 shows the current automotive CAN bus 
network (ISO 11898 standard, baud rate: 125[kbps]) on 
the developing autonomous ATV. The sensor and 
control nodes are interface devices for the CAN bus,
and consist of Cypress's PSoC CY8C3866-068,
Microchip's PIC18F2580, PIC18F4580 and 
dsPIC30F6012A. The main controller 
(dePIC30F6012A) takes a role of calculation of the 
feedback control law.  In the sensor nodes, PICs count 
the pulses from encoders and PSoCs manage A/D
conversion. In the control nodes, a PIC manages the 
servo motor control (PWM output) of the throttle, and a
PSoC the control of steering device. The main 
controller receives all sensor data, calculates and sends 
control commands to control nodes. Sub-controller 
performs the collection of data from the CAN bus and 
records the result on terminals, such as a PC. The PC 
transmits the control commands to the main controller. 
From the next section, we describe the introduction 
of the CAN bus in the steering angle control system. 
3   CONFIGURATION OF CONTRL DEVICE 
3.1 PSoC 
The PSoC (Programmable System-on-Chip) is a 
 
(a) Wire-winding device (b) Steering system
Fig.2 Wire-winding steering system
Fig.3 Former control network
Fig.4 Current CAN bus control network
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microcontroller developed by Cypress Semiconductor. 
The integrated circuit of PSoC is composed of a core 
processor and configurable analog and digital blocks. 
Figure 5 shows a part of the program screen of PSoC. 
DA converter, Op-Amp, and CAN interface are shown. 
Integration of various analog and digital blocks realizes 
the sets of requred features. 
In the steering control system shown in Figure 4, the 
PSoC devices (PSoC3 TEST BOARDs (IT Shop 
Etcetra, with CY8C3866-068)) are used to control the 
wire-winding steering system and to measure the wire 
tensions.  
3.2 Steering device control node 
Figure 6 shows the steering devices control node and 
motor drivers on a board. These are mounted in the 
aluminum frame of the ATV.? The steering device
control node was developed using the PSoC. It receives 
the control commands from the main controller through 
the CAN bus, and outputs directive voltages to the 
motor drivers (Sawamura Denki, SS40E6-E-L2-10
(24V)) in order to control the right and left
wire-winding devices.
Figure 7 shows the flow of the control. The main 
controller sends control commands to the control node. 
According to the control commands, the PSoC outputs 
the directive voltages to the motor drivers. Then, the 
motor drivers operate the wire-winding devices. 
3.2.1 D/A converion and CAN communication 
The PSoC device receives control commands in 8-bit 
digital data from the main controller through the CAN 
bus, and converts it to analog directive voltages to each 
motor driver. The directive voltage range to the motor 
driver is DC±10V. However, the PSoC voltage range is 
from 0[V] to +4.096[V]. Therefore, a level conversion 
circuit is developed and installed. Figure 8 shows the 
relationship between directive voltage and control 
command. We can estimate the directive voltage using 
the relationship. 
3.2.2 Setting of the motor driver 
Two motor drivers are mounted in order to operate 
the winding device of the left and right respectively. We 
have set the control mode of the both motor drivers to 
the current control, and tune the current limit trimmers 
so that each maximum wire tension is 200[N]. 
Figure 9 and Figure 10 show the relationship 
between the directive voltage and the actual wire 
 
Fig.5? An example of PSoC’s component design
   
Fig.6 Electrical device for the steering control 
 
Fig.7 Structure and data flow of steering control
 
Fig.8 Relation between received command (digital) 
and directive voltage (analog)
 
Fig.9 Left wire tension due to motor directive voltage
 
Fig.10 Right wire tension due to motor directive voltage 
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to measure the vehicle speed and the steering angle, 
respectively. Speed control device and brake control 
device on the left and right handle bar are attaced. The 
space on the rear carrier is reserved for the future 
development of environmental measurement 
equipments. 
2.2 Steering system 
Figure 2 shows the wire-winding steering system. In
a wire-winding device, a DC-motor rotates the 
wire-winding shaft as shown in Figure 2(a). Two 
winding devices are attached to a both side of the 
aluminium frame as shown Figure 2(b). The winding 
devices and the handlebar ends are connected by wires. 
Winding one side of the wire gives a steering torque to 
the handle. Therefore, when steering, one motor winds
one wire and the other loosens the other wire. 
2.3 Control network 
Figure 3 shows an automotive network before the 
introduction of CAN bus. In this network, all the 
control information is concentrated in the PC. In case 
of adding a new device, the PC needs to be provided a 
specific interface for the device and it increases the 
load of the PC. Therefore, a CAN bus is introduced in 
order to distribute the processing load.  
The features of CAN bus is high reliability, such as 
the determination of the multiple error detection 
elements, the judgment at the time of the error, and 
processing. Moreover, high-speed communication of 
up to 1 [Mbps] is available. It adopts a bus network 
topology so that wire-saving is possible compared to 
Figure 3. 
Figure 4 shows the current automotive CAN bus 
network (ISO 11898 standard, baud rate: 125[kbps]) on 
the developing autonomous ATV. The sensor and 
control nodes are interface devices for the CAN bus,
and consist of Cypress's PSoC CY8C3866-068,
Microchip's PIC18F2580, PIC18F4580 and 
dsPIC30F6012A. The main controller 
(dePIC30F6012A) takes a role of calculation of the 
feedback control law.  In the sensor nodes, PICs count 
the pulses from encoders and PSoCs manage A/D
conversion. In the control nodes, a PIC manages the 
servo motor control (PWM output) of the throttle, and a
PSoC the control of steering device. The main 
controller receives all sensor data, calculates and sends 
control commands to control nodes. Sub-controller 
performs the collection of data from the CAN bus and 
records the result on terminals, such as a PC. The PC 
transmits the control commands to the main controller. 
From the next section, we describe the introduction 
of the CAN bus in the steering angle control system. 
3   CONFIGURATION OF CONTRL DEVICE 
3.1 PSoC 
The PSoC (Programmable System-on-Chip) is a 
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microcontroller developed by Cypress Semiconductor. 
The integrated circuit of PSoC is composed of a core 
processor and configurable analog and digital blocks. 
Figure 5 shows a part of the program screen of PSoC. 
DA converter, Op-Amp, and CAN interface are shown. 
Integration of various analog and digital blocks realizes 
the sets of requred features. 
In the steering control system shown in Figure 4, the 
PSoC devices (PSoC3 TEST BOARDs (IT Shop 
Etcetra, with CY8C3866-068)) are used to control the 
wire-winding steering system and to measure the wire 
tensions.  
3.2 Steering device control node 
Figure 6 shows the steering devices control node and 
motor drivers on a board. These are mounted in the 
aluminum frame of the ATV.? The steering device
control node was developed using the PSoC. It receives 
the control commands from the main controller through 
the CAN bus, and outputs directive voltages to the 
motor drivers (Sawamura Denki, SS40E6-E-L2-10
(24V)) in order to control the right and left
wire-winding devices.
Figure 7 shows the flow of the control. The main 
controller sends control commands to the control node. 
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the directive voltages to the motor drivers. Then, the 
motor drivers operate the wire-winding devices. 
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Figure 9 and Figure 10 show the relationship 
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Fig.5? An example of PSoC’s component design
   
Fig.6 Electrical device for the steering control 
 
Fig.7 Structure and data flow of steering control
 
Fig.8 Relation between received command (digital) 
and directive voltage (analog)
 
Fig.9 Left wire tension due to motor directive voltage
 
Fig.10 Right wire tension due to motor directive voltage 
Development of the sensor and actuator node device for an autonomous ATV
- 61 -
and construct the steering angle control system of the 
ATV and evaluated it. 
2 CONFIGULATION OF THE ATV 
2.1 Devices on the ATV 
 Figure 1 shows the ATV under developing in our 
laboratory. The base ATV (Suzuki Vinson LT-A500) 
has 493 cc SOHC engine, V-belt CVT automatic 
transmission with high/low range, and 2WD or 4WD 
modes. The body has two careers at the front and rear. 
Devices for autonomous running are installed on the 
front carrier. 
A generator on the rear supplies AC 100 Volts for the 
devices on the front carrier. The steering device, motor 
driver, D-GPS, LIDAR sensor, gyro orientation sensor, 
terminal PC, microcomputer board, and so on are 
installed in the aluminum frame and the device 
protective cover on the front carrier.  Rotary encoders 
mounted to rear wheel axis and the steering axis enable 
to measure the vehicle speed and the steering angle, 
respectively. Speed control device and brake control 
device on the left and right handle bar are attaced. The 
space on the rear carrier is reserved for the future 
development of environmental measurement 
equipments. 
2.2 Steering system 
Figure 2 shows the wire-winding steering system. In
a wire-winding device, a DC-motor rotates the 
wire-winding shaft as shown in Figure 2(a). Two 
winding devices are attached to a both side of the 
aluminium frame as shown Figure 2(b). The winding 
devices and the handlebar ends are connected by wires. 
Winding one side of the wire gives a steering torque to 
the handle. Therefore, when steering, one motor winds
one wire and the other loosens the other wire. 
2.3 Control network 
Figure 3 shows an automotive network before the 
introduction of CAN bus. In this network, all the 
control information is concentrated in the PC. In case 
of adding a new device, the PC needs to be provided a 
specific interface for the device and it increases the 
load of the PC. Therefore, a CAN bus is introduced in 
order to distribute the processing load.  
The features of CAN bus is high reliability, such as 
the determination of the multiple error detection 
elements, the judgment at the time of the error, and 
processing. Moreover, high-speed communication of 
up to 1 [Mbps] is available. It adopts a bus network 
topology so that wire-saving is possible compared to 
Figure 3. 
Figure 4 shows the current automotive CAN bus 
network (ISO 11898 standard, baud rate: 125[kbps]) on 
the developing autonomous ATV. The sensor and 
control nodes are interface devices for the CAN bus,
and consist of Cypress's PSoC CY8C3866-068,
Microchip's PIC18F2580, PIC18F4580 and 
dsPIC30F6012A. The main controller 
(dePIC30F6012A) takes a role of calculation of the 
feedback control law.  In the sensor nodes, PICs count 
the pulses from encoders and PSoCs manage A/D
conversion. In the control nodes, a PIC manages the 
servo motor control (PWM output) of the throttle, and a
PSoC the control of steering device. The main 
controller receives all sensor data, calculates and sends 
control commands to control nodes. Sub-controller 
performs the collection of data from the CAN bus and 
records the result on terminals, such as a PC. The PC 
transmits the control commands to the main controller. 
From the next section, we describe the introduction 
of the CAN bus in the steering angle control system. 
3   CONFIGURATION OF CONTRL DEVICE 
3.1 PSoC 
The PSoC (Programmable System-on-Chip) is a 
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tension. There are the deflections of ±10% in each wire 
tension. 
3.3 Wire tension measurement node 
A wire tension measurement node obtains A/D 
converted value of the wire tension measured by the 
PSoC. 
Figure 11 shows the wire tension sensor installed at 
the end of each wire. The sensor consists of a load cell 
(Measurement Specialties, ELFE-T4M-250N/Z1/AMP), 
a handlebar attachment and a wire connector. The 
handle attachment is fixed by tightening the bolt. The 
sensor is fixed in each handlebar, and the wire is 
connected so that the wire tension is applied to the load 
cell. The electrical signal from the load cell is 
connected to the sensor node. Its voltage of 0 [V] ~ 5 
[V] corresponds output according to the tension of 0[N]
~200[N]. 
 Figure 12 shows the flow of the measurement. The 
PSoC measures the wire tension by 14-bit A/D 
conversion of the voltage. The measured tension is 
transmitted to the main controller through the CAN bus. 
In this way, the main controller can get the wire 
tensions required to control the steering angle. 
3.4 Waterproofing and dustproof case 
The various devices on the ATV need to be protected
for use in the outdoor environment.The steering device 
control nodes have been already mounted in the device 
protective cover on the front carrier.  
However, the tension measurement nodes are 
installed out of the front device protective cover. Then, 
we decided to store the node in a sealed aluminum box 
as shown in Figure 13. Moreover, the waterproof 
connectors are attached for wiring. The cable for wiring 
is composed of a 5 [V] power supply line, a ground line, 
and a CAN bus line.  
4   FUNCTIONAL EVALUATION 
4.1 Control system 
Figure 14 shows the block diagram of the steering 
angle control. It is used for the portion of the wire 
tension control constituted from the foregoing 
paragraph. ? is the steering angle, ?? is the steering 
torque, ? is the wire tension, ? indicates the target 
value, ?  and ?  indicate right and left device 
associated with the steering device respectively. The 
inner loop is composed of the wire tension controller 
??? and ???. The outer loop is composed of steering 
angle controller ??. The PID controllers are used for 
these controllers. A target steering torque ???  is 
calculated in ?? and converted into the wire tensions 
of the steering devices. To increase the holding force of 
the handle, the the offset tensions (preliminary 
tensions) ??? , ???  are added to the wire tensions and we 
obtain the target value ???, ???. Then the deviation of 
?? and ??? , ?? and ???  are input to ??? , and ???
respectively, and the motor torques ??, ?? are output. 
4.2 Test bed 
We evaluated the feature of the steering angle control 
system before installing a real machine. Figure 15 
shows the test bed (10), and Figure 16 does its schematic 
view. The winding devices and the handlebar are fixed 
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Fig.13 Wire tension measurement node in the sealed 
box
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tension. There are the deflections of ±10% in each wire 
tension. 
3.3 Wire tension measurement node 
A wire tension measurement node obtains A/D 
converted value of the wire tension measured by the 
PSoC. 
Figure 11 shows the wire tension sensor installed at 
the end of each wire. The sensor consists of a load cell 
(Measurement Specialties, ELFE-T4M-250N/Z1/AMP), 
a handlebar attachment and a wire connector. The 
handle attachment is fixed by tightening the bolt. The 
sensor is fixed in each handlebar, and the wire is 
connected so that the wire tension is applied to the load 
cell. The electrical signal from the load cell is 
connected to the sensor node. Its voltage of 0 [V] ~ 5 
[V] corresponds output according to the tension of 0[N]
~200[N]. 
 Figure 12 shows the flow of the measurement. The 
PSoC measures the wire tension by 14-bit A/D 
conversion of the voltage. The measured tension is 
transmitted to the main controller through the CAN bus. 
In this way, the main controller can get the wire 
tensions required to control the steering angle. 
3.4 Waterproofing and dustproof case 
The various devices on the ATV need to be protected
for use in the outdoor environment.The steering device 
control nodes have been already mounted in the device 
protective cover on the front carrier.  
However, the tension measurement nodes are 
installed out of the front device protective cover. Then, 
we decided to store the node in a sealed aluminum box 
as shown in Figure 13. Moreover, the waterproof 
connectors are attached for wiring. The cable for wiring 
is composed of a 5 [V] power supply line, a ground line, 
and a CAN bus line.  
4   FUNCTIONAL EVALUATION 
4.1 Control system 
Figure 14 shows the block diagram of the steering 
angle control. It is used for the portion of the wire 
tension control constituted from the foregoing 
paragraph. ? is the steering angle, ?? is the steering 
torque, ? is the wire tension, ? indicates the target 
value, ?  and ?  indicate right and left device 
associated with the steering device respectively. The 
inner loop is composed of the wire tension controller 
??? and ???. The outer loop is composed of steering 
angle controller ??. The PID controllers are used for 
these controllers. A target steering torque ???  is 
calculated in ?? and converted into the wire tensions 
of the steering devices. To increase the holding force of 
the handle, the the offset tensions (preliminary 
tensions) ??? , ???  are added to the wire tensions and we 
obtain the target value ???, ???. Then the deviation of 
?? and ?? , ?? and ???  are input to ??? , and ???
respectively, and the motor torques ??, ?? are output. 
4.2 Test bed 
We evaluated the feature of the steering angle control 
system before installing a real machine. Figure 15 
shows the test bed (10), and Figure 16 does its schematic 
view. The winding devices and the handlebar are fixed 
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on the wooden board. The handlebar is rotated by the 
wire-winding device. The rotation angle of the handle 
is measured by the encoder. 
4.3 Estimating the transfer function 
We estimated the transfer function of the 
wire-winding device by using the step response method. 
We loosen the wire to set the wire tension 0 [N], and 
measure the change of the wire tension when the step 
input of directive voltage is given to the motor driver. 
The directive voltage to the motor driver is increased 
from 0 [V]? to 3.5[V] by 0.5[V] step.
The following equation (1) shows the transfer 
function approximated by the second-order system, 
where ωn is eigen frequency, ζ is damping coefficient. 
???? ? ???????? ?
???
?? ? ????? ? ??? ? ? ? ? ? ???????
Figure 17 and Figure 18 shows the step responses by 
the experiment of the steering device. The parameters 
ωn and ζ can be identified from the step response 
method as shown in Table 1. 
Table 1 Estimated parameters of the second-order 
system 
ωn ζ
Right winding motor 2.49 0.69
Left winding motor 2.61 0.71
The relationship of the motor torque of the steering 
device and the output wire tension is represented by the 
equation (2) and (3), where ?????  is an estimated 
transfer function of the right device, ????? the left 
device. 
? ? ? ????? ?
?????
?? ? ?????? ? ????? ? ? ? ? ??????? ???? 
? ? ? ????? ?
?????
?? ? ?????? ? ????? ? ? ? ? ? ?????????????
4.4 Wire tension control experiment 
We conducted the experiment to add the preliminary 
tension to the left and the right wires. The 
corresponding parts in Figure 14 are closed loops of 
??? and ???. At first the steering device is controlled 
at the constant wire winding speed 50 [mm/s]. After 
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tension. There are the deflections of ±10% in each wire 
tension. 
3.3 Wire tension measurement node 
A wire tension measurement node obtains A/D 
converted value of the wire tension measured by the 
PSoC. 
Figure 11 shows the wire tension sensor installed at 
the end of each wire. The sensor consists of a load cell 
(Measurement Specialties, ELFE-T4M-250N/Z1/AMP), 
a handlebar attachment and a wire connector. The 
handle attachment is fixed by tightening the bolt. The 
sensor is fixed in each handlebar, and the wire is 
connected so that the wire tension is applied to the load 
cell. The electrical signal from the load cell is 
connected to the sensor node. Its voltage of 0 [V] ~ 5 
[V] corresponds output according to the tension of 0[N]
~200[N]. 
 Figure 12 shows the flow of the measurement. The 
PSoC measures the wire tension by 14-bit A/D 
conversion of the voltage. The measured tension is 
transmitted to the main controller through the CAN bus. 
In this way, the main controller can get the wire 
tensions required to control the steering angle. 
3.4 Waterproofing and dustproof case 
The various devices on the ATV need to be protected
for use in the outdoor environment.The steering device 
control nodes have been already mounted in the device 
protective cover on the front carrier.  
However, the tension measurement nodes are 
installed out of the front device protective cover. Then, 
we decided to store the node in a sealed aluminum box 
as shown in Figure 13. Moreover, the waterproof 
connectors are attached for wiring. The cable for wiring 
is composed of a 5 [V] power supply line, a ground line, 
and a CAN bus line.  
4   FUNCTIONAL EVALUATION 
4.1 Control system 
Figure 14 shows the block diagram of the steering 
angle control. It is used for the portion of the wire 
tension control constituted from the foregoing 
paragraph. ? is the steering angle, ?? is the steering 
torque, ? is the wire tension, ? indicates the target 
value, ?  and ?  indicate right and left device 
associated with the steering device respectively. The 
inner loop is composed of the wire tension controller 
??? and ???. The outer loop is composed of steering 
angle controller ??. The PID controllers are used for 
these controllers. A target steering torque ???  is 
calculated in ?? and converted into the wire tensions 
of the steering devices. To increase the holding force of 
the handle, the the offset tensions (preliminary 
tensions) ??? , ???  are added to the wire tensions and we 
obtain the target value ???, ???. Then the deviation of 
?? and ??? , ?? and ???  are input to ??? , and ???
respectively, and the motor torques ??, ?? are output. 
4.2 Test bed 
We evaluated the feature of the steering angle control 
system before installing a real machine. Figure 15 
shows the test bed (10), and Figure 16 does its schematic 
view. The winding devices and the handlebar are fixed 
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on the wooden board. The handlebar is rotated by the 
wire-winding device. The rotation angle of the handle 
is measured by the encoder. 
4.3 Estimating the transfer function 
We estimated the transfer function of the 
wire-winding device by using the step response method. 
We loosen the wire to set the wire tension 0 [N], and 
measure the change of the wire tension when the step 
input of directive voltage is given to the motor driver. 
The directive voltage to the motor driver is increased 
from 0 [V]? to 3.5[V] by 0.5[V] step.
The following equation (1) shows the transfer 
function approximated by the second-order system, 
where ωn is eigen frequency, ζ is damping coefficient. 
???? ? ???????? ?
???
?? ? ????? ? ??? ? ? ? ? ? ???????
Figure 17 and Figure 18 shows the step responses by 
the experiment of the steering device. The parameters 
ωn and ζ can be identified from the step response 
method as shown in Table 1. 
Table 1 Estimated parameters of the second-order 
system 
ωn ζ
Right winding motor 2.49 0.69
Left winding motor 2.61 0.71
The relationship of the motor torque of the steering 
device and the output wire tension is represented by the 
equation (2) and (3), where ?????  is an estimated 
transfer function of the right device, ????? the left 
device. 
? ? ? ????? ?
?????
?? ? ?????? ? ????? ? ? ? ? ??????? ???? 
? ? ? ????? ?
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?? ? ?????? ? ????? ? ? ? ? ? ?????????????
4.4 Wire tension control experiment 
We conducted the experiment to add the preliminary 
tension to the left and the right wires. The 
corresponding parts in Figure 14 are closed loops of 
??? and ???. At first the steering device is controlled 
at the constant wire winding speed 50 [mm/s]. After 
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tension. There are the deflections of ±10% in each wire 
tension. 
3.3 Wire tension measurement node 
A wire tension measurement node obtains A/D 
converted value of the wire tension measured by the 
PSoC. 
Figure 11 shows the wire tension sensor installed at 
the end of each wire. The sensor consists of a load cell 
(Measurement Specialties, ELFE-T4M-250N/Z1/AMP), 
a handlebar attachment and a wire connector. The 
handle attachment is fixed by tightening the bolt. The 
sensor is fixed in each handlebar, and the wire is 
connected so that the wire tension is applied to the load 
cell. The electrical signal from the load cell is 
connected to the sensor node. Its voltage of 0 [V] ~ 5 
[V] corresponds output according to the tension of 0[N]
~200[N]. 
 Figure 12 shows the flow of the measurement. The 
PSoC measures the wire tension by 14-bit A/D 
conversion of the voltage. The measured tension is 
transmitted to the main controller through the CAN bus. 
In this way, the main controller can get the wire 
tensions required to control the steering angle. 
3.4 Waterproofing and dustproof case 
The various devices on the ATV need to be protected
for use in the outdoor environment.The steering device 
control nodes have been already mounted in the device 
protective cover on the front carrier.  
However, the tension measurement nodes are 
installed out of the front device protective cover. Then, 
we decided to store the node in a sealed aluminum box 
as shown in Figure 13. Moreover, the waterproof 
connectors are attached for wiring. The cable for wiring 
is composed of a 5 [V] power supply line, a ground line, 
and a CAN bus line.  
4   FUNCTIONAL EVALUATION 
4.1 Control system 
Figure 14 shows the block diagram of the steering 
angle control. It is used for the portion of the wire 
tension control constituted from the foregoing 
paragraph. ? is the steering angle, ?? is the steering 
torque, ? is the wire tension, ? indicates the target 
value, ?  and ?  indicate right and left device 
associated with the steering device respectively. The 
inner loop is composed of the wire tension controller 
??? and ???. The outer loop is composed of steering 
angle controller ??. The PID controllers are used for 
these controllers. A target steering torque ???  is 
calculated in ?? and converted into the wire tensions 
of the steering devices. To increase the holding force of 
the handle, the the offset tensions (preliminary 
tensions) ??? , ???  are added to the wire tensions and we 
obtain the target value ???, ???. Then the deviation of 
?? and ?? , ?? and ???  are input to ??? , and ???
respectively, and the motor torques ??, ?? are output. 
4.2 Test bed 
We evaluated the feature of the steering angle control 
system before installing a real machine. Figure 15 
shows the test bed (10), and Figure 16 does its schematic 
view. The winding devices and the handlebar are fixed 
 
Fig.11 Composition of the tension sensor
 
Fig.12 Structure and data flow of tension measurement
 
Fig.14 Block diagram of steering control system
  
Fig.13 Wire tension measurement node in the sealed 
box
Makoto KOBAYASHI, Yuuta TOCHIKUBO, Jun DAI, and Naohiko HANAJIMA
- 62 -
－　64　－
reaching the target preliminary wire tension 20 [N] by 
winding the wire, it switches to the tension control. 
The experimental results are shown in Figure 19. The 
graph shows the change of the wire tension and the 
winding speed. At first, the both motor speeds are kept 
around 50[mm/s], and the both wire tensions raise up to 
20[N]. After 6 seconds, they are kept to the preliminary 
tension of 20[N]. From this experiment, we confirmed 
that it is possible to control the wire tension using the 
developed control system on the test bed. 
4.5 Steering angle control experiment 
We conducted the steering angle control experiment. 
The target steering angle 10 [deg] in the step input is 
given after adding a preliminary tension 20 [N] to the 
left and the right wires. The experimental results are 
shown in Figure 20. These graphs show the change of
the wire tension and the steering angle. The graphs 
show the steering angle converges to the target angle. 
These experimental results show that the developed
steering control system properly works on the test bed. 
5   DRIVING TEST 
We installed the developed system and devices on
the ATV and conducted the steering control experiment 
at the constant speed running.  
The experiment was conducted in two kinds of fields, 
grass field and gravel field. The grass field is a certain 
flat place without the obstacle, and weeds grow thickly 
there. The gravel field has few weeds with low length. 
The experimental procedure is as follows. The ATV 
starts with the target constant speed of 5 [km/h].?
When 10 seconds have past, the target steering angle is
commanded to the steering control system. ? The 
whole data is recorded in the meantime.
Figure 23 shows the experimental results of the grass 
field. The actual steering angle is delayed from the 
target steering angle. It is considered that it would be 
affected by the self-aligning torque, the loss of the 
friction between the wire and the wire outer, and the 
loss of the friction between the tires and the ground 
surface. It seems that the output power of the steering 
device is insufficient since the wire tension is about to 
reach the maximum tension 150 [N]. 
Figure 24 shows the experimental results of gravel 
field. Compared with the experimental result of Grass 
field, it can be confirmed that the actual steering angle 
follows the target steering angle well. The steering 
torque tends to be lower than the grass field. It is 
considered that the land has less weed and friction 
between the tires and ground would be lower. 
 
 





































Fig.23 Steering angle control result at grass field
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reaching the target preliminary wire tension 20 [N] by 
winding the wire, it switches to the tension control. 
The experimental results are shown in Figure 19. The 
graph shows the change of the wire tension and the 
winding speed. At first, the both motor speeds are kept 
around 50[mm/s], and the both wire tensions raise up to 
20[N]. After 6 seconds, they are kept to the preliminary 
tension of 20[N]. From this experiment, we confirmed 
that it is possible to control the wire tension using the 
developed control system on the test bed. 
4.5 Steering angle control experiment 
We conducted the steering angle control experiment. 
The target steering angle 10 [deg] in the step input is 
given after adding a preliminary tension 20 [N] to the 
left and the right wires. The experimental results are 
shown in Figure 20. These graphs show the change of
the wire tension and the steering angle. The graphs 
show the steering angle converges to the target angle. 
These experimental results show that the developed
steering control system properly works on the test bed. 
5   DRIVING TEST 
We installed the developed system and devices on
the ATV and conducted the steering control experiment 
at the constant speed running.  
The experiment was conducted in two kinds of fields, 
grass field and gravel field. The grass field is a certain 
flat place without the obstacle, and weeds grow thickly 
there. The gravel field has few weeds with low length. 
The experimental procedure is as follows. The ATV 
starts with the target constant speed of 5 [km/h].?
When 10 seconds have past, the target steering angle is
commanded to the steering control system. ? The 
whole data is recorded in the meantime.
Figure 23 shows the experimental results of the grass 
field. The actual steering angle is delayed from the 
target steering angle. It is considered that it would be 
affected by the self-aligning torque, the loss of the 
friction between the wire and the wire outer, and the 
loss of the friction between the tires and the ground 
surface. It seems that the output power of the steering 
device is insufficient since the wire tension is about to 
reach the maximum tension 150 [N]. 
Figure 24 shows the experimental results of gravel 
field. Compared with the experimental result of Grass 
field, it can be confirmed that the actual steering angle 
follows the target steering angle well. The steering 
torque tends to be lower than the grass field. It is 
considered that the land has less weed and friction 
between the tires and ground would be lower. 
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6 CONDCLUDING REMARKS 
In this study, as a part of the development of the 
autonomous mobile robot using an ATV to improve the 
efficiency of field survey activities, we constructed the 
steering angle control system and evaluated it. First of 
all, we introduced the CAN bus network for the 
distributed control system. Then we installed the 
steering angle control system and devices on the ATV 
after the evaluation on the test bed of the developed 
system. The steering angle control system realizes 
tracking the target values; however it is considered that 
the response speed greatly influenced by terrain. 
In the next step, we have been evaluating and 
adjusting the steering control system. Development of 
the environmental measurement equipment is the future 
work. 
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reaching the target preliminary wire tension 20 [N] by 
winding the wire, it switches to the tension control. 
The experimental results are shown in Figure 19. The 
graph shows the change of the wire tension and the 
winding speed. At first, the both motor speeds are kept 
around 50[mm/s], and the both wire tensions raise up to 
20[N]. After 6 seconds, they are kept to the preliminary 
tension of 20[N]. From this experiment, we confirmed 
that it is possible to control the wire tension using the 
developed control system on the test bed. 
4.5 Steering angle control experiment 
We conducted the steering angle control experiment. 
The target steering angle 10 [deg] in the step input is 
given after adding a preliminary tension 20 [N] to the 
left and the right wires. The experimental results are 
shown in Figure 20. These graphs show the change of
the wire tension and the steering angle. The graphs 
show the steering angle converges to the target angle. 
These experimental results show that the developed
steering control system properly works on the test bed. 
5   DRIVING TEST 
We installed the developed system and devices on
the ATV and conducted the steering control experiment 
at the constant speed running.  
The experiment was conducted in two kinds of fields, 
grass field and gravel field. The grass field is a certain 
flat place without the obstacle, and weeds grow thickly 
there. The gravel field has few weeds with low length. 
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device is insufficient since the wire tension is about to 
reach the maximum tension 150 [N]. 
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field. Compared with the experimental result of Grass 
field, it can be confirmed that the actual steering angle 
follows the target steering angle well. The steering 
torque tends to be lower than the grass field. It is 
considered that the land has less weed and friction 
between the tires and ground would be lower. 
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winding speed. At first, the both motor speeds are kept 
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developed control system on the test bed. 
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The target steering angle 10 [deg] in the step input is 
given after adding a preliminary tension 20 [N] to the 
left and the right wires. The experimental results are 
shown in Figure 20. These graphs show the change of
the wire tension and the steering angle. The graphs 
show the steering angle converges to the target angle. 
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We installed the developed system and devices on
the ATV and conducted the steering control experiment 
at the constant speed running.  
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there. The gravel field has few weeds with low length. 
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device is insufficient since the wire tension is about to 
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field. Compared with the experimental result of Grass 
field, it can be confirmed that the actual steering angle 
follows the target steering angle well. The steering 
torque tends to be lower than the grass field. It is 
considered that the land has less weed and friction 
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The Dialectal Words of Fishery and Maritime Things in the 




(原稿受付日 平成 24 年 6 月 15 日 論文受理日 平成 25 年 1 月 17 日） 
 
Abstract 
The purpose of this paper is to exhibit the local fishery-related words of the eastern region of the 
Oshima Peninsula which have been collected by our fieldwork, several documents of the dialectal 
dialogues, a dictionary of the Hokkaido dialect and the history book of Todohokke. They include 
dialectal words written in katakana letters, the corresponding forms in the standard Japanese language, 
the meanings with brief comments and the example sentences in use. We show that the vocabulary of 
fishery is closely related to the whole ecological environment, a place in which local fishermen work, 
such as specific kinds of fish, geographic features, tides and weather phenomena. 
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あるかを確認する目的で、2011 年 9 月 7 日～9 日
に函館市椴法華支所、函館市灯台資料館、戸井郷
土館を、2011年 10月 22日に北海道開拓記念館を、





































  ＜島田・橋本・寺田・塩谷 2003: 92＞ 
(2)  アシ：浮子（うき）：地引網の部位。 
  ＜村史 1989: 599＞ 
(3)  アシダナ（アバダナともいう）：浮子網（うき
あみ）：地引網の部位。 
  ＜村史 1989: 599＞ 
(4)  アシカタ：あし方：舳先に配置された人。通
常二人である。c.f. (6)アバカタ 










  ＜石垣 1983: 33A＞、＜村史 1989: 596＞ 
(8)  イセ：縮綴：イワシ漁に用いる地引網の部位。
袖網を連綴するのに、浮子網及び沈子網を結
び留める。なお、地引網は 1 個の嚢網と 2 張
の袖網から成る。 








  「ソーシテ コンドサー オキアゲスル（そ
うして 今度はねえ 沖揚げをする）」 
  ＜石垣 1983: 63A＞ 
②坪嚢中の魚を船に移して、これを陸上に輸
送すること。 
＜村史 1989: 604＞ 
(11)  オヤナワ：親縄：はえ縄の部位で、幹縄のこ
と。c.f. タラナワ（鱈縄）、(32)ドー（胴）。 
   ＜村史 1989: 570＞ 
(12)  カニ：かに：昭和初期のイワシ漁で用いる漁
具名。 
   ＜村史 1989: 611＞ 
(13)  ガニナワ：がに縄：昭和初期のイワシ漁で用
いる漁具名。 
   ＜村史 1989: 611＞ 
(14)  ギバ：ぎば：はえ縄の部位で、浮標縄のこと。
c.f. セナワ、タチモノ。 
   ＜村史 1989: 570＞ 
(15)  ギバダル：ぎば樽：浮標。c.f. シラセ。 




   「昭和 2 年から３、４年にかけ、イワシの
大群来で浜は沸いた。」 




   ＜村史 1989: 604＞、＜石垣 1983: 116B＞ 
(18)  コイルヤン：こいるやん：昭和初期のイワシ
漁の漁具名。 
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を獲れば 今みたいに ねえ 仕事を分業
でやるのではないのだから 全部自分で 
それこさあ 五右衛門釜でねえ ゆでて） 




   ＜石垣 1983: 139B＞、＜村史 1989: 580＞ 
(21)  サカナ：さかな：昭和初期のイワシ漁の漁具
名。 




   ＜石垣 1983: 150A＞ 
   ②椴法華では、明治時代のイワシ漁で曳網
（地引網）と共に用いられた。年間での使
用時期は 11 月１日～12 月 25 日頃。 





   ＜石垣 1983: 178B-179A＞ 
   ②昭和初期のイワシ漁の漁具名。 
   ＜村史 1989: 611＞ 





   ＜石垣 1980: 27＞ 
(27)  ダンブ：だんぶ：浮き玉。ガラス玉。樽や木
材に穴を開けて作った浮子（アバ）の総称。 




   cf. (41)ヒラガケ 
   ＜村史 1989: 603＞ 
(29)  テイシ：手石：沈錘。cf. セギイシ（脊石）、
ナッツイシ（なっつ石）。 
   ＜村史 1989: 570＞ 
(30)  デメントリ：日雇い労働者。日雇い仕事、ア
ルバイト。デメンともいう。 
   「ハダラクテユーヨリモ ハダラグドゴ 
ネーンダモン。ハルノカツオホシドカ。ア




だ まず 日雇いの仕事をしたがって 今
で言う アルバイトをしたいって。） 
＜島田・橋本・寺田・塩谷 2004: 80＞ 
(31)  テンテンズリ：てんてん釣り：一本釣り。マ
ス釣漁法の一種。テンテンともいう。 
   「マスガ エヤ アガッタノ ナンダッ
テ。・・・・・ソエデ ハリ エッポンダテ 
テンテンバリ エッポンデ ツッタンダデ。
（鱒が いや  あがったのなんのっ
て。・・・・・それで 針 一本だよ てん
てん針 一本で 釣ったんだよ。）」 
   ＜石垣 1980: 79、1983: 224B＞ 
(32)  ドー（ドー）：どう：イワシ粕を絞る道具。 
   「アーユーマルイノー マンナカニ コー 
ミズアッタシ コーアッテー デ ソイコ
サー ワレワレ ソノー ダラダラスルカ
ラ ドードーッテユッタモンダケドネー
（あのような丸いのを 真ん中に こう 
水があったし こんな風にあって そのう 
水が垂れるから どうどう（胴胴）って言
ったもんだけどねえ）」 
   ＜橋本・島田・塩谷 2012: 80＞ 
(33)  トワイン：とわいん：トハインともいう。昭
和初期のイワシ漁の漁具名。 
   ＜村史 1989: 611＞ 
(34)  ナヅイワシ：夏鰯：7～8 月に獲れるイワシ
をいう。アキイワシ（秋鰯）は 10～12 月に
獲れるイワシ。 
   ＜石垣 1983: 25＞ 
(35)  ナツボ：魚坪：①魚を入れる場所で、竹など
で囲んでニシンを収容し、処理作業をした。 
   ＜石垣 1983: 242B＞ 
   cf. ソトナツボ（外魚坪）⇔ウチナツボ（内 
魚坪）＜類家 2007: 65＞ 
   ②椴法華では、イワシの収容に用いた。 
   ＜村史 1989: 604＞ 
(36)  ニンブ：漁夫 
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取用の漁具。茅部、山越、亀田方面で用い
られた。 
   ＜村史 1989: 542＞ 
(38)  ノーセン：嚢船：嚢を保持する船。胴海船ま
たは胴船を使用する。 
   ＜村史 1989: 604＞ 
(39)  ハナアブ：鼻泡：魚群が吐き出す水泡が浮上
すること。 
   ＜村史 1989: 602＞ 
(40)  ハネ：跳ね：魚が水面に跳躍すること。 








   「エマノ ボイルカッパッテ ホレ ホン
ダ サベタ アノ アブラ ヌベセ。ハ 
ナミネクテモ アレデ ハ ヨパラッテ 
シマウノセ。（今の ボイル合羽って ほれ 
あんた 言っていた あの 油を 塗るだ
ろうさ。もう 波がなくても あれで も
う 酔っぱらって しまうのさ。）」 




   ＜村史 1989: 603＞ 
(44)  マイ：枚：①イワシ粕を作る五右衛門釜の数
え方。 
   「オラドーアノー ホントノ チャッケコ
ロ ジョーボシノ マエニモ  エー ア
ノ レンガデクンダ カマノアドトガ ダ
エブ ジューマイモ ナンポモ アッタエ
ンタドモセー。（私たちのあの 本当の 幼
少時に 上星（じょうぼし：屋号）の 前
にも えー あの レンガで組んだ イワ
シ釜の跡とか 大分 10 枚も いくらも 
あったんだけどさ。）」 
   ＜石垣 1980: 27-28＞ 
   ②波の折りの数え方。 
   「ナミガコゴデ オルナッテユーゴドニ 
ナッタナラバ コンド ソゴデノー トメ
デセ フネ トメデ コンダノー ナミガ 
ナンマイオッテ エグガッテゴド ミダノ。
（波が ここで 折るなっていうことに 
なったならば 今度 そこでね 止めてさ 
船を 止めて 今度ね 波が 何枚折って 
いくかってことを 見たの。）」 
＜石垣 1980: 70＞ 
(45)  マッカ：まっか：海藻（昆布）採集漁具。 
   ＜石垣 1983: 310A＞、＜村史 1989: 542＞ 
(46)  マッケ：まっけ：建網を定着させるために海
底に沈める一種の重り。 




   ＜石垣 1980: 26＞ 
(48)  マンセン：満船：大漁。 
(49)  ミズフネ：水船：波をかぶった船。 
   ＜石垣 1980: 71＞ 
(50)  ミヨシ：みよし：船首。 
   ＜村史 1989: 602＞ 
(51)  ヤメ：やめ：①はえ縄の部位で枝糸のこと。 
   ＜村史 1989: 570＞ 
   ②縄。網や釣り糸に使う綿糸。（採録地：松
前・白神） 
   ＜石垣 1983: 339A＞ 
(52)  ユワシカゴ：鰯かご：獲ったイワシを入れる
篭。cf. ユワシ：マイワシのこと。 
   ＜石垣 1980: 78＞、＜石垣 1983: 344B＞ 
(53)  ロップ：ロープ、綱 
   ＜村史 1989: 613＞ 
(54)  ワイヤ：わいや：昭和初期のイワシ漁の漁具。 





























































(55)  アヅグナル：厚くなる：多くなる。 
   「ヤマデ（イカ釣り用漁具）ノホー エー
ノ。ヤマデダラ ニホンシカ ハリツイデ
ネスケ。ノー ソレデ スコシ アヅグナ
レバ ナンモ オメー アレダ ソゴサ 
サゲネデ ハー ヤマデノ ソレデモッテ 
ハー ソシテ ハー アゲルノセ。（ヤマデ
の方は いいの。ヤマデなら 二本しか針
が付いていないから。ねー それで 少し 
（イカが）多くなれば なにも おまえ 
あれだ 底に 下げないで もう ヤマデ
の それでもって もう あげるのさ。）」 
   ＜石垣 1980: 62＞ 
   cf. アツイ：ニシンの群来が多い。（採録地：
余市） 
   ＜石垣 1983: 28A＞ 
(56)  アミタグ：網たく：船の中央、すなわち胴の
間に網を積む。 
   ＜村史 1989: 602＞ 
   cf. アミタギフネ：網を積んでゆく船。（採
録地：南茅部） 
   ＜石垣 1983: 143B＞ 
(57)  オル：折る：波が折る。 
   「タエデー モー オガサ ツカグナッタ
コロニナレバ ナミア ゴーット オッテ
クル。（たいてい もう 波打ち際に 近く
なったころになれば 波が ごーっと 折
ってくる。）」 
   ＜石垣 1980: 71＞ 
(58)  カグ：漕ぐ。 
   「エマ エー ズレクルド。サーカゲッテ




その時は もう はー 夢中だ。真剣にな
って 漕ぐんだ。）」 
   ＜石垣 1980: 70-71＞ 
(59)  カグ：掻ぐ：掻き出す。 
   「アガカグ アノシャク アノカグヤツネ。
（水を掻き出す あのひしゃく あの掻き
出すやつね。）」 
   ＜島田・橋本・寺田・塩谷 2003: 89＞ 
(60)  カパガル：ひっくり返る。 
   「ドゴダガノ フネ カパガッタトガ ミ
ズフネニ シタトガテ（どこだかの 船が 
ひっくり返ったとか 水船にしたとかで）」 
   ＜石垣 1980: 71＞ 
(61)  クマラガス：（釣り糸を）からます。 
   「ハー アセシテノー クマラガシテ ワ
ガネノ。（もう 焦るからねえ （釣り糸を）
からまして だめなの。）」 
   ＜石垣 1980: 62＞ 
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(62)  サガス：裂かす：（魚等を）処理する。 
   「（イカの処理について）カガダヂ ツレデ
キテネ ジブンデ サガシテ ソシテ ミ
ンナ ショーガヅマデニ カエッタモンダ。
（妻たちを 連れてきてね 自分で （イ
カを）裂かせてね そして みんな 正月
までに 帰ったもんだ。）」 
   ＜石垣 1980: 77＞ 
   cf. サカス：生ニシンを処理する（採録地：
厚田）＜石垣 1983: 143B＞ 
(63)  ショウ：背負う：（船で）運ぶ。 
   「コムギモ ナンデ ソーユーショクリョ
ーヒン ゼンブ ハイキューデショ。ソノ
ハイキュー モラウンダッテ ホラ ナツ
ノウチワイイサ ノ。フネデショッテイッ
テ モラッテクレバ イインダカラ。（小麦
も 何でも そういう食料品は 全部 配
給でしょ。その配給品を もらうんだって 
ほら 夏の間はいいさ ね。船で積んでい
って もらってくれば いいんだから。）」 
   ＜橋本・島田 2006.9.15.Track 31＞ 
(64)  ツカゲラレル：（波に）襲われる。 
   「シギジレバ ノー オガサ コネウヂニ 
ナミネカッテ ツカゲラレデシマッテ ハ
ー ミジブネニ シテシマウノサ。（失敗す
れば ねえ 陸に 来ないうちに 波のた
めに 襲われてしまって もう 水船に 
してしまうのさ。）」 
   ＜石垣 1980: 71＞ 
(65)  トックレガエス：ひっくり返す。（船を）転
覆させる。 
   「ミズブネニスレバ ノー フネ トック
レガエシネエニシテ ハー ノー ソシテ 
ヨーヤゲ ハー カロージテ オガサ フ
ネツケルノモアル。（水船にすれば ねえ 
船が 転覆しないように もう ねえ そ
して ようやく はあ 辛うじて 陸に 
船をつけるのもある。）」 
   ＜石垣 1980: 71＞ 
   cf. トックリガエス：ひっくり返す＜他動詞
＞、トックリガエル：ひっくり返る＜
自動詞＞（採録：椴法華） 






   ＜村史 1989: 602＞ 
   ②火の合図を上げること。 
   「アギンナバ ホレ タエマヅ ヤマサ 
トンニエッタリ エサンノヤマサ ホレ 
オギデ フルマス マネアゲデ アノ マ
ツプシノ アーユーノ トンネエッタノ。
（秋になれば ほら 松明を 山に 採り
に行ったり 恵山の山に ほら 沖で 振
り回す 火の合図を上げて あの 松の株
根の ああいうのを 採りに行ったの。）」 
   ＜石垣 1980: 26＞ 
 

























(67)  コナレル：①（魚の）鮮度が落ちる。 
   「手がまわらなくなると（人手がなくなる
と）ニシンがコナレテしまうので、カズノ
コをとって、あとはニシンカスをたいた。」 
   ＜類家 2007: 49＞ 
   ②カズノコがしまる。 （採録地：奥尻） 
   ＜石垣 1983: 136A＞ 
(68)  タタク：刻む。 
   「樽に入れている海苔を、細かくタタク。」 
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   ＜類家 2007: 11＞ 
(69)  ツカレナイ：鮮度が落ちないようにする。 
   「ニシンがツカレナイようにする。」 
   ＜類家 2007: 65＞ 
(70)  ヤケル：①（早く）腐る。 
   「（砂の上に直接おくと）ニシンがヤケテシ
マウ。」 
   ＜類家 2007: 65＞ 
   ②のぼせる；いらだつ。 























   「ほれ、アイマワリで転覆した船あったで
しょう。」（採録地：知内、椴法華） 
   ＜石垣 1983: 18B＞ 
   ②東から吹く風を指す場合もある。椴法華
の漁師によると、この風が原因で、川崎船
でイカつけした船が昼によく転覆した。 
   ＜石垣 1980: 71＞ 
   cf. アイ：東風の異名。主として日本海沿岸
地方でいう。アイの風、アユの風ともいう。 
   ＜半藤・荒川 2001: 12-14＞ 
(72)  イルル：入り江。 
   「アコワ ナンカヤー。イルルノカワバ ナ
ンテユーネー。（あそこは 何て言ったっけ。
入り江の川は 何て言ったっけね。）」 
   ＜島田・橋本・寺田・塩谷 2004:81＞ 
(73)  ウチコミジョ：うちこみじお（打込潮）：上
げ潮と下げ潮のぶつかり合うところ。 
   「＜古語＞うちこみしほ『かみ潮としも潮
の入り合うことあり、うちこみしほとてよ
からぬ潮とぞ謂ひける』＜えみしのへさき
＞」 ＜石垣 1983: 50A＞ 
   cf. 恵山の打込潮：沖合より沿岸を掠めて東
南に流れる潮流。この潮の勢いのある時に
は豊漁と言われる。 




   ＜村史 1989: 569＞ 
鹿部方面（北西）から恵山方面（南東）に
向かって流れる潮。 
   ＜石垣 1983: 55B＞ 
(75)  オガ：陸（おか）：①波打ち際。波はオガで
白くなり、折るのが遠目に見える。 
   「ナミア オガデ シログナッテ ナンボ 
ヨルデモ シログナッテ ナミア オルノ 
ミエルンダカラ。（波は 波打ち際で 白く
なって いくら 夜でも 白くなって 波
が 折るのが 見えてるんだから。）」 
   ＜石垣 1980: 70＞ 
   ②陸地という時もある。 
   「フネモナモ ナガノモノモナモ チャン
トモー セーリシテ ソシテ シズガーニ 
オガサノー カエデキタノ。（船も何も 中
の物も何も ちゃんともう 整理して、そ
して 静かに 陸にねえ 漕いできたの。）」 
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   「ナミア ドノヘンデ オルガッテゴトヲ 
エヂバンサギニ ソノー カグニンシタワ
ゲセ。（波が どの辺で 折るかってことを 
一番先に そのう 確認したわけさ。）」 




   ＜村史 1989: 569＞ 
(78)  サギ：さき（先）：岬。 
   「オナジサギデモ ココ モトムラッテド
ゴダシ ココカラニキロクライイッタドゴ
ニ トミーラッテドゴ アルンスヨ。（同じ
岬でも ここは 元村っていう所ですし 
ここから 2 キロくらい行った所に 富浦っ
ていう所があるんですよ。）」 
   ＜島田・橋本・寺田・塩谷 2003: 88＞ 
(79)  サギリ：波しぶき：普通、波は 5 回来るうち
2 回は大きい。その大きい波のことをいう。 
   「ハマサイゲバ サギリカブル。（浜に行け
ば 波しぶきをかぶる。）」 
   ＜橋本 2011: 121＞ 
(80)  ズレ：波と波の間の波のない状態。 
   「エーズレ クルド。（よいずれが 来る
ぞ。）」 
   ＜石垣 1980: 70＞ 
(81)  ショ：①しお、塩、②潮流 
   cf. ショアンベ：潮流の具合 
   「アミ フッパルニ サンツカンモ ヘダ
セバ ショアンベワリバ ゴンツカンモ 
ノー ログジカンモ カガッテ（網を 引
っ張るのに 3 時間も 下手をすれば 浪
の具合が悪ければ 5時間も ねえ 6時間
も かかって）」 
   ＜石垣 1980: 24＞ 
(82)  ヒカタ（カゼ）：南西風：8 月から翌年 4 月
頃まで吹く風。ヒカタ、シカダともいう。
海難事故が多い。 
   「一番恐ろしい風はシカダだ。」（採録地：
尻岸内） 
   ＜石垣 1983: 272A＞ 
(83)  モヨー：空模様 
   「モヨーワリグナッテ トヂューデ ヨナ
ガニ エサ モドネバネ。（空模様が悪くな
って 途中で 夜中に 家に 戻らねばな
らない。）」 
   ＜石垣 1980: 69＞ 
(84)  ヤマセ：やませ：①東風 
   「キョーワ ヤマセダガラ ウミ シケダ
ド。（今日は やませ（東風）だから 海が 
荒れるぞ。）」 
   ＜椴法華弁＞ 


















































 4 地名・その他 
 
 第 4 節では、手元にあるデータから旧地名を記































   ＜村史 1989: 755＞ 





   ＜村史 1989: 758＞ 
   cf. アカ：水、ハケル：走る（カケルの音転）
「ハケロ、ハケロ（運動会での声援）」（採
録地：尻岸内） 
   ＜石垣 1983: 260A＞ 
(87)  イソヤ：磯谷：恵山沿岸、恵山岬の南側にあ
る。 
   「イソヤダトカサー ネタナイダトカ フ
タツィニモ ミッツニモ ナッテアッタン
ダー トージワノー。（磯谷だとかね 根田
内だとか （村が）二つにも 三つにも な
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っていたんだ 当時はねえ。）」 
   ＜橋本・島田 2006.9.15. Track29＞ 
(88)  カシカンリ：現在の恵山岬南東にある。 
   ＜村史 1989: 755＞ 
   cf. カシガル：傾く 
   「船がカシガルから片側にばかり寄るな。」 
   （採録地：函館） 
   ＜石垣 1983: 80B-81A＞ 
(89)  カケノハマ：かけの浜：現在の恵山岬南東地
域。 
   ＜村史 1989: 756＞ 
   cf. カゲル：（風・吹雪が）吹く 
   「シタギカゲデ ユルグネガッタデ。（吹雪
が吹いて 苦労したよ。）」（採録地：知内・
小谷石） 




   ＜村史 1989: 758＞ 
   cf. ソリ：暗礁 
   「そのあたりソリがあるから気つけれ。」 
   （採録地：松前・白神） 
   ＜石垣 1983: 189B＞ 
(91)  シマトマリ／シュマトマリ：島泊：現在、富
浦、椴法華漁港方面へ向かう最初の地区。 
   ＜村史 1989: 755＞ 
   cf. シマ：はじ・すみ。スマともいう。 
   「そんなシマにいないでここに来い。」 
   （採録地：森） 





   ＜石垣 1983: 164A＞ 
   「コノシモカイガンダラ シモカイガンデ





   ＜石垣 1980: 76＞ 
(93)  ジョーボシ：上星：屋号。 
    cf. ジョーボシカワグチ：戦前、椴法華村
で人を雇って大規模に網で魚を獲っていた
網元。 
   「カワグチッテユー ジョーボシカワグチ
ッテノー デーケークヤッテンダ シトタ
ノンデ ホラ ハタラキニクルシトヤトッ
テー デ ソシテ イワシトッテー（川口
っていう じょうぼし（上星）川口ってね
え 大規模にやってんだ 人に頼んで ほ
ら 働きに来る人を雇って で そして 
イワシを獲って）」 
   ＜橋本・島田・塩谷 2012: 80＞ 
(94)  ネタナイ：根田内：恵山沿岸磯谷の西隣にあ
る。 











   ＜橋本・島田 2006.9.15. Track29＞ 





   ＜村史 1989: 755＞ 





   ＜村史 1989: 758＞ 
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   現在、手元に資料がないので、その収集及び聞き 
   取り調査をする必要がある。 
3)  語源不明。 
 4)  北の生活文庫企画編集会議（編）、1995、20-27 
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A comparative research on the social welfare in Finland and Japan 










In this paper, the author propose some child care support policies which should be introduced in 
Japan by comparing the social welfare of Finland and that of Japan in both historical and 
constitutional perspectives. In Finland, the social welfare of any kind has been intended to restore 
and/or enhance individual’s ability of social engagement and independence supported basically by 
the Finnish Constitution. In Japan, on the other hand, the policy has been considered as that for the 
physically and/or economically weak, which is reflected in the Japanese Constitution. Thus it has not 
had such consistent and positive attitudes towards its recipients as those in the Finnish welfare policy. 
These attitudes, therefore, should be purposefully introduced into Japanese child care policies if it 
intends to foster independent and dutiful children in a democratic society. In this context, 
child-rearing in a traditional community of Japan also gives us suggestions of much value. 
 
Keywords：Social welfare, Child care policy , Social engagement, Independence, Japanese traditional 
community 
 





月 1 日現在）によると、15 歳未満の子どもの数は
前年比 12 万人減の 1665 万人と 31 年連続で減少



































































                                                     
1 unicef（国際児童基金）が 2009 年所得データをもと
に調査した結果、日本の子どもの貧困率は 14.9％とな
























社会保険の整備が進展し、1960 年代と 1970 年代
には年金法の改正と給付の拡大が継続して行われ
た。保健分野では、総合病院のネットワークが









































































は 1932 年の 2.27 から 1948 年には 3.47 へ上昇し
た。子どもの増加にともない、支給対象が限定的
な家庭手当とは別に新たな給付の形が求められる
ようになり、1947 年からは 16 歳以下のすべての
子どもを対象として「児童手当」が導入された。 
ベビーブームが終わった 1960 年代以降は、出

































































































































































































































                                                     

















 成立当初の制度内容は、3 人以上の 18 歳未満の
児童がいる場合、3 人目以降が 5 歳未満の場合に
1 人あたり月額 3,000 円を支給するといったもの
であった。その後度々の改正により 2006 年には
支給対象年齢を小学校 6 年生まで引き上げ、支給
額も上がり、第 1・2 子は月額 5,000 円、第 3 子










円となった。2011 年 4 月以降は毎月 26,000 円を
支給する予定だったが、2010 年 6 月、政府は財
源問題により満額支給を断念すると発表し月額
13,000 円とする方針へ転換した。また、3 歳未満
の子に対して 7 千円増額する法案も撤回した。 
子ども手当は 2011 年 9 月までの時限的な制度
であったが、10 月以降も支給を継続する場合には、
新たに約 1 兆 1000 億円が必要となり、政府・民
主党は東日本大震災の復興財源の確保を優先する
ため、従来の児童手当を修正した上で支給を継続
することを決定し、第 1・2 子は月額 10,000 円、
第 3 子以降及び 3 歳未満は月額 15,000 円が支給
されることとなった。その後見直しが行われた結



































・フィンランド憲法第 19 条（社会保障への権利） 
  1 項 人間の尊厳に値する生活に必要な手段を
得られないすべての人は、不可欠な生計費
とケアに対する権利を有する。 











 4 項 すべての人の住居に対する権利を促進し、
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住居の能動的な手配を支援することは、公権
力の責務である。 






































                                                     
3 STAKES（フィンランド国立社会福祉保健研究開発
センター）によると 2009 年社会支出割合は 30.6％と報
告されている(15)。 










































































憲法第 25 条は、その基本条文である。 









































 これに対して、日本国憲法では 13 条「すべて
























































































































                                                     










はなく、基本月額は 1 人目が 100 ユーロ、2 人目
は 110.50ユーロ、3人目 141ユーロ、4人目 161.50
ユーロ、5 人目以降は 1 名につき 182 ユーロが保
障される。またひとり親世帯には追加手当 46.60





















世帯に支給される。支給額は、第 1・2 子は 1 人
当たり月額 10,000 円、3 歳未満または第 3 子以降
の小学生以下は 15,000 円である。2010 年から
2011 年の法改正で所得制限が撤廃されたが、










































































育士が、タンペレ市（2006 年現在、人口 20 万






























































































































































































































なるのは、トシドンと 3 歳から 7 歳ぐらいまでの
子どもたちだが、かつてはトシドン役も子どもが




こには、3 歳から 7 歳ごろまでの「トシドンを迎



























































































































(22)、2006 年と比較すると実数ベースで約 1.8 倍
となっている。保育所の総数は 2 万 2,387 カ所か































































































































































 貞松(2000)によると、異年齢保育は、主に 3 歳








































































































































































































































































(1) 総務省，統計トピックス No.59，(2012) 
http://www.stat.go.jp/data/jinsui/topics/pdf/topic
s59.pdf（最終訪問日 2012.9.30） 
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Both MEXT and the EU Commission urge the fostering of media literacy. However in a globalized 
world, media literacy cannot be limited to one country. A link to intercultural communication is 
necessary. Awareness has to be raised of different communicative styles through which culture and 
values are transmitted. In an attempt to link these two aims, this study analyzes the news reports of 
the same event broadcast on the same day in three national primetime TV programs: Germany’s ARD 
Tagesschau, the British BBC News at Six and Japan’s NHK’s News7. Both the oral and visual parts 
of the news broadcasts show evidence of different communicative styles and their influence on the 
presentation of news. 
 




1  INTRODUCTION 
Mass media and their dissemination of information 
are ever present in people’s daily life. It is therefore 
increasingly important to foster education in media 
literacy as urged by the European Union Commission 
(2009). Japan’s Ministry of Education, Culture, Sports, 
Science and Technology (MEXT, 2008) also lists 
information literacy as one of the main skills 
undergraduate students should acquire. 
Although facets of information/media literacy have 
been studied in many countries, including Japan, only 
rarely has it been linked with intercultural 
communication. The latter has been partly done by 
Lüsebrink (2005), when comparing German and 
French advertisements about the same object, thus 
clearly analyzing the cultural differences in expression 
and presentation. Krause-Ono/Wächter (2009)  
 
*1 College of Liberal Arts 
demonstrated that media communicate in ways which 
are appropriate in their respective cultures, even when 
reporting about foreign items or people of other 
cultures. 
It was pointed out by Sueda (2009) that the 
exploration of mass media, under the premises of 
intercultural communication, is still a field which has 
yet to be explored in Japan. Although 
information/media literacy and intercultural 
competency are closely related, it seems they have not 
yet been thoroughly researched together. This study 
attempts to take a first small step in this direction. 
 
2  BACKGROUND 
 
As has been already stipulated by Galtung (1985), 
each region has its own communicative style. He 
divides them into Gallic, Teutonic, Saxonic and 
Nipponic styles, each of which encompasses a core 
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country names to avoid stereotypes. The styles he 
describes have been further researched by others and 
were also found in other domains than the academic 
one, on which Galtung had originally focused. 
Schroll-Machl (2002) and Nees (2006) found the 
Teutonic (German) communicative and cultural style 
to be marked by seriousness, directness, analysis and 
thoroughness. Kainzbauer (2002) found in her analysis 
of British and German cultural training that even 
trainers displayed clear preferences for working in 
communicative styles which are prevalent in their 
respective cultural regions. She found the Saxonic 
(British) communicative and cultural style to be more 
focused on empirical data, hands-on, diplomatic 
(indirect), communicative, relationship-building, and 
pragmatic. Yamashita (2003) found evidence for the 
Nipponic (Japanese) style to be focused on social 
relationships, on uniting differences, and on 
displaying vagueness to avoid confrontation. In Mijnd 
Huijser’s ‘The Cultural Advantage’ (2006) and 
‘Managing Mindsets’ (coauthored with Danae Huijser 
in 2011) a differentiated portrayal of all the styles is 
given within several international companies. 
By comparing prime-time TV news broadcasts from 
three countries, this study attempts to shed light on a 
portion of these different communicative styles, which 
might emerge in the oral and visual presentation of the 
evening news. As broadcast news is always selective 
and chosen according to well researched criteria 
(Maier et al, 2010), a day was chosen on which all 
news programs covered at least one identical topic. 
For this study the one year anniversary of the March 
11, 2011 Great East Japan Earthquake and the 
resulting tsunami and nuclear catastrophe was chosen 
as the common topic. 
No matter how similar news programs from 
different parts of the world might seem to be, they still 
have different communicative styles. Bolten (2002) 
has demonstrated that communicative styles are in 
themselves cultural styles, subtly showing the values 
held important in a given culture. Obviously, as media 
itself is part of the culture in which it operates, cultural 
norms are unconsciously perpetuated in the form of 
communicative styles. 
 
3  METHOD 
  
The one year anniversary of the March 11, 2011 
Great East Japan Earthquake and the resulting tsunami 
and nuclear catastrophe (March 11, 2012) will be 
focused on. The author recorded all Japanese NHK 
news programs herself. The German ARD Tagesschau 
were downloaded from the internet. UK’s BBC One 
News at Six was also available for several days. 
However, as the programs cannot be accessed from 
outside the UK a collaborator in the UK recorded the 
news. For this paper NHK’s News7, BBC’s News at 
Six and the German ARD’s Tagesschau will be 
compared. 
The news programs chosen for each country are all 
well-known and have a reputation of credibility and 
long-standing and they are the most watched news 
programs in their respective countries. 
The entire news broadcasts of March 11th were 
transcribed by the author and by collaborators, 
including captions and sub-titles etc. The author then 
measured the length of time allotted for the news 
sequence about March 11th in each news program, 
counted the number of shots, determined their type, 
and measured their length. The non-verbal 
communication of newscasters, correspondents and 
others shown on screen was also analyzed. The overall 
focus or frame of the presentation of each news 
program was found by looking at the repetition of 
keywords, clusters or related words. 
By comparing the above mentioned facets, the 
different communicative styles of the news programs, 
as well as the different frames and foci of the event 
become apparent. 
 
4  NEWS ANALYSIS 
 
4.1 The German Tagesschau 
The German Tagesschau of March 11, 2012 starts 
immediately with news about the anniversary of 
Japan’s earthquake and resulting tsunami. 
After the evening greeting by the slightly smiling 
newscaster in the studio, the background changes from 
a blue world-map to two still pictures: one shows a 
girl standing amid the debris and one shows 3-4 
workers of the nuclear plant in white protection-suits 
with white masks covering their noses and mouths, 
laying down flowers. The newscaster reports about a 
day of silence and grief in Japan one year after the 
tsunami.  He reports what the tsunami caused: the 
resulting number of deaths, the vast area devastated, 
as well as the triggering of the biggest nuclear 
catastrophe since Chernobyl. The report takes 29 
seconds. 
Cut, and three shots are shown: two medium long 
shots of people on the coast with flowers in their 
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hands, one medium close-up of a woman crouching 
with a child. 
The correspondent reports in voice-over, ‘The place 
is Iwaki, 40 km from Fukushima. The sea is calm 
today. Many remember the victims of March 11th. For 
many the catastrophe is not over, even one year after it 
occurred.’ The report takes 12 seconds. 
The crouching woman with the child is shown in 
close-up. Her answer to a presumed question, “I am 
from Namie, the exclusion zone around Fukushima. 
We can never go back. I can’t express this in words.” 
Her answer takes 10 seconds. 
Cut, and nine shots are shown: two of offices during 
the earthquake, three of the tsunami, one from a 
distance of Fukushima Daiichi nuclear power plant 
being flooded, one of a reactor exploding, two 
medium long shots of persons in protective suits 
examining people for radioactive contamination. 
The correspondent reports in voice-over, ‘Exactly a 
year ago, at 14:46 p.m. the earth shook as never before. 
Then, 500 km long, a tsunami rolls unto the Japanese 
east coast, at places up to 40 m high. The nuclear 
power plant Fukushima Daiichi is also flooded. A 
meltdown occurs in four reactor blocks at once, a core 
melt down accident. About 100,000 people lose their 
homes overnight, probably forever.’ The report takes 
31seconds. 
Cut and three shots of a memorial service are 
shown: one medium shot of the enormous flower 
arrangement for the memorial service, one medium 
shot from side/back of people in black attending the 
service and standing in remembrance, another medium 
close-up of the Emperor and the Empress bowing their 
heads and shoulders. 
The correspondent reports in voice-over, ‘A minute 
of silence nationwide remembers the triple catastrophe. 
In the national theatre in Tokyo the central memorial 
ceremony takes place. Emperor Akihito has come too.’ 
The report takes 9 seconds. 
Cut and Prime Minister Noda, shown in medium 
close-up from the side, is translated as saying, “Japan 
has always risen stronger from whatever crisis. We 
will rebuild this country.” This part takes 8 seconds. 
Cut and five shots are shown: one long shot of 
Tokyo Electric Power Company (TEPCO) employees 
in blue uniforms with drooping heads, standing in 
remembrance, one medium close-up of a single 
TEPCO employee, one long shot up at the TEPCO 
headquarters building and zooming down to 
demonstrators on the street with drums and posters, 
one medium close-up of a demonstrator shouting 
through a megaphone, one medium long shot zooming 
from the demonstrators to police-officers guarding the 
sidewalk. 
The correspondent reports in voice-over, ‘Today, 
TEPCO also musters its employees for remembrance. 
In front of TEPCO’s headquarters thousands of 
demonstrators gather. They say Fukushima is not a 
natural catastrophe but man-made by criminal nuclear 
power executives and a reactor commission which had 
been lax for years.’  His report takes 18 seconds. 
One of the demonstrators is shown in medium 
close-up and he comments on the government’s policy, 
“Our government lets the criminals go free!  As a 
Japanese I am ashamed. What a disgrace!” This scene 
takes 6 seconds. 
Cut and two shots are shown: one zooms in medium 
close-up from shielded memorial candles to the 
side-faces of two demonstrators and one medium long 
shot of demonstrators and their anti-nuclear placards. 
The correspondent reports in voice-over, ‘The 
demonstrators ask for a complete nuclear phase-out. 
But this is very unlikely.’ His comment takes 6 
seconds. 
Cut, correspondent Abresch in sports jacket, no 
necktie, and a button of his shirt open in night-time 
Tokyo. He holds the microphone himself. While 
speaking his facial expression does not change, only 
his head moves very slightly. He keeps unwavering 
eye-contact, engendering trust, and there are no 
gestures. “Only two out of 54 reactor plants are still 
online. However, Japan does not plan a phase-out. The 
plants will get better protection against tsunamis. The 
government has already approved restarting the first 
plants. Nuclear power will stay in Japan, as will the 
danger of a further strong earthquake.” His 
explanation and comment take 17 seconds. 
 
4.2 Analysis of this news sequence 
The news is very evenly structured. The newscaster 
in the studio gives an overview of the actual situation, 
close to half a minute. The first shots show people 
remembering the anniversary; the voice-over text 
reveals the place (40 km from Fukushima Daiichi) and 
focuses early on the nuclear subject. The first 
interviewee is from Namie, an area which received 
heavy nuclear fall-out and is now an exclusion zone. 
At the memorial service in Tokyo Prime Minister 
Noda is shown in close-up, pledging to rebuild the 
country. All following shots are related to the nuclear 
disaster and protests against the use of nuclear power 
plants. 
Comparat alysis of Three National Primet e TV News Broadcasts (Preliminary Results)
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Two minutes and 26 seconds out of 13 minutes and 
08 seconds of the total running time of the program 
are spent on the sequence about the anniversary in 
Japan. In total 22 shots are shown, each for 3-4 
seconds. 
The focus is completely on the nuclear aspect of the 
catastrophe. The key word used most often is Atom 
which appears eight times in various words: such as 
twice in Atomkraftwerk (nuclear plant), twice in 
Atomausstieg (nuclear phase-out), once in Atomanlage 
(nuclear plant), once in Atombosse (bosses of the 
nuclear industry), once in Atomaufsicht (nuclear 
commission) and once in Atomkraft (nuclear power). 
Related words are Reaktor and Demonstranten 
(protestors), which appear twice each. The following 
words appear once and support the theme: Nuklear, 
Sperrzone (exclusion zone), Kernschmelze (meltdown), 
Supergau (core meltdown) and ‘Chernobyl’. The word 
Katastrophe appears four times and is only once 
genuinely related to the non-nuclear devastating 
disaster. In total, words related to the nuclear 
catastrophe appear 19 times, thereby linking in 
‘Fukushima’, which appears six times and ‘tsunami’, 
which appears three times. The accompanying shots 
support this focus by showing the reactor, the 
explosion, and several shots of protestors. Two 
interviews also focus on this aspect, one rather 
indirectly by the interviewee mentioning being from 
the exclusion zone unable to return, and the other one 
by directly voicing protest against the government’s 
stance towards TEPCO. The remembrance part of the 
day is given attention chiefly connected with the 
nuclear disaster and is shown only in about 5 shots out 
of 22. 
The next news sequence of the German Tagesschau 
of March 11, 2012 is tied to the Fukushima nuclear 
catastrophe. It covers what happened on its 
anniversary in Germany, starting with official 
statements by Chancellor Merkel in which she justifies 
the nuclear phase-out triggered by the Fukushima 
catastrophe and continuing with anti-nuclear 
demonstrations at various plants in Germany citing the 
disaster in Japan and asking for a quicker 
phase-out.  This sequence ends with two interviews: 
one of the then Environment Minister Roettgen, who 
explains the how-to-plans for greater 
energy-efficiency and one of the politician Trittin of 
the opposition party, who criticizes the policy as 
half-hearted. 
The news is similarly structured to the one about the 
situation in Japan. Here also two interviews of 
protestors asking for a quicker phase-out of nuclear 
energy are shown: one voicing suspicion of the 
sincerity of the decision taken by the German 
government and one pleading for a quicker change 
and proof to the world that nuclear plants are not 
necessary for a sufficient and clean energy supply. 
In general, reporting is matter-of-fact. Emotions are 
rarely shown, e.g. one shot of a protestor shouting 
through a megaphone his strong protest against 
TEPCO, as well as voicing his feelings of being 
ashamed. Emotion-related statements, or clearly 
‘subjective’ opinions are only shown in the interviews 
of citizens. There is no perceivable relationship 
between shots and the correspondent on the spot, even 
when he appears on screen. No greeting between 
newscaster and correspondent. No overlap of 
newscaster still speaking with shots already running 
and no overlap between the end of shots and 
newscaster already speaking are shown. There is no 
movement of the speaker’s body when presenting the 
news, only sometimes a slight movement of the head 
and blinking, and no gestures. The reports are spoken 
very calmly and unemotionally. The news is very 
structured, clinical, and seemingly analytical. 
This second sequence is 2 minutes and 32 seconds 
long. The two news sequences combined amount to 4 
minutes and 58 seconds out of 13 minutes and 08 
seconds. This is close to 38% of the total news. At the 
end of the second news sequence, the newscaster in 
the studio refers to a web-address, which appears as a 
still picture behind him, where further information can 
be found on non-nuclear energy and on the nuclear 
danger in Japan even today. 
In the rest of the 13 minutes and 08 seconds the 
following topics can be found: a U.S. soldier 
massacring civilians in Afghanistan and elections in 
Slovakia are covered for nearly two minutes each; 
next domestic news start with a 26 second report about 
a ban on night flights at Frankfurt airport, a 
two-minute report about the award of the 
Buber-Rosenzweig medal to the Chairman of the 
Evangelical Church in Germany, 30 seconds on results 
of ice speed skating, and at the end the usual one 
minute weather forecast with maps and voice-over. 
 
4.3 The BBC News at Six 
The BBC News at Six of March 11, 2012 starts with 
an overview of the coming news reports, during which 
newscaster Nicholas Owen in the studio is heard in 
voice-over. As the main reports are introduced, the 
news about the anniversary of March 11, 2011 comes 
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second and is presented by three shots: one close-up of 
a temple-bell which a monk tolls from behind, one 
medium close-up of four people standing and praying 
with heads bent, and a one-second medium long shot 
of a woman crouching in front of flowers on a beach. 
‘A year on from the tsunami, Japan remembers its 
twenty thousand dead and missing.’ This introduction 
takes 7 seconds. 
After more than four minutes of a news sequence 
about an American soldier having run amok in 
Afghanistan, newscaster Owen is shown in the studio, 
his body turned to the screen behind him, on which 
correspondent Mark Mardell is visible, saying: “Mark 
Mardell, thank you.” Then he turns around, looks 
directly into the camera and to the audience. His facial 
expressions are animated; he slightly moves his head 
from side to side and raises his eyebrows 4-5 times. 
No still pictures are visible. “It’s exactly a year since a 
massive earthquake and tsunami struck the northeast 
coast of Japan. Ceremonies have been held today 
across the country to remember the twenty thousand 
people who were killed. A minute of silence was 
observed at the moment the quake hit, 2:46 local time 
in the afternoon. Roland Burke sent this report from 
one of the worst affected areas.” His report takes 20 
seconds and contains 62 words. 
Cut, text in voice-over and five shots are shown. 
The sound of chanting and bell-tolling can be heard in 
the background: one close-up of a bell tolled by a 
priest, one medium long shot of three monks on their 
knees performing a memorial service in a temple 
along with the sides and backs of participants, one 
close-up of a woman pressing a handkerchief to her 
mouth, one long shot of a solitary tree on flat land, one 
medium close-up of a woman (probably kneeling) 
praying in front of flowers in a vase on a beach: ‘In a 
monastery on Japan’s northeast coast, a bell marked 
the precise moment the earthquake hit one year ago. 
The country came to a standstill, remembering the 
missing and the dead.’ This report takes 16 seconds, 
the time shots are visible is 20 seconds. 
Cut, a Japanese woman wearing a white mask is 
shown in medium close-up. She slowly shakes her 
head and wipes some tears with her fingers. She is 
translated saying, “I couldn’t even say goodbye to my 
brother. It still hurts deeply.” Her words take 8 
seconds. 
Cut, a second Japanese woman is also shown in 
medium close-up. In the background devastated 
ground is visible. She wipes her tears with her hand 
and can hardly look directly into the camera. She is 
translated saying, “I wanted to save people, but I 
couldn’t. I couldn’t even help my father.” This 
interview takes 6 seconds. 
Cut, the sound of a siren can be heard. Burke is 
heard in voice-over and 4 shots are shown: one 
medium long shot of a big ship stranded ashore, one 
medium long shot of a stage set up on the shore, one 
medium long shot of people standing on a street with 
heads bent in remembrance, and one medium shot of 
the side view of four people. ‘Across devastated towns 
the tsunami warning siren sounded again today and 
the bereaved stood with their heads bowed.’ Burke’s 
report takes 8 seconds, the time shots are visible is 11 
seconds. 
Cut, voice-over continues and four shots are shown: 
one medium shot of the Emperor and the Empress 
coming in, one medium long shot of them bowing to a 
flower-tower memorial, one medium close-up of them 
bowing (taken from the front), one medium shot of 
mourners at the service dressed in black with white 
bereavement ribbons and the camera slightly zooming 
up on them. Instead of a cut, the shots overlap and the 
Emperor and Empress appear in medium close-up. 
‘The Emperor led a memorial ceremony in Tokyo. 
The entire nation has been traumatized by the worst 
natural disaster in living memory.’ This report takes 
10 seconds, the time shots are visible is 12 seconds. 
Cut, the Emperor and Empress are shown in 
medium close-up from their left side, the Emperor 
holds a white sheet of paper in his hands. The 
Emperor’s words are translated; his voice can already 
be heard at the end of previous shot, “We are all 
gathered together in deep mourning to offer 
condolences to the deceased.” The translation takes 6 
seconds; the shot is shown for 10 seconds. 
Cut, voice-over continues, three medium close-up 
shots of the tsunami sweeping in and taking houses, 
cars and everything with it. ‘No one who lived 
through that day can forget the panic and the fear. 
Entire neighborhoods smashed. The rush to escape. 
Children, parents, grandparents swept away to their 
deaths.’ This report takes 14 seconds, the time shots 
are visible is 16 seconds. 
Cut, voice-over continues, two medium long shots 
depict the report. ‘Today the towns where so many 
lost their lives look like wastelands.’ These words take 
6 seconds. 
Then, the change to the next shot is done in blurred 
overlap. Burke is shown in a medium long shot, 
slowly walking on the street, the camera zooms out to 
long shot and extreme long shot and shows the whole 
Comparat alysis of Three National Primet e TV News Broadcasts (Preliminary Results)
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area, making visible what he talks about. “Over the 
last year, a huge clean-up operation has been carried 
out along the coast. This place was full of wreckage, 
but now pretty much all of it has been removed. All 
you can see are the foundations of the buildings and 
the layouts of the streets where people’s homes and 
shops once stood. But even if the survivors want to 
return here, rebuilding hasn’t even begun.” This report 
takes 29 seconds. 
Cut, voice-over continues, one extreme long shot, 
probably from a helicopter, shows workers in white 
protective suits working at the plant, ‘In Fukushima it 
is the radiation from the crippled nuclear plant that is 
preventing people going home.’ This report takes 7 
seconds. 
Cut, voice-over continues and four shots are shown 
of mourners wearing protective suits performing a 
memorial service: one medium shot of five mourners, 
one of them holding flowers; one medium long shot of 
one mourner putting flowers on a makeshift altar, one 
close-up of the flowers and one medium long shot of a 
mourner bowing behind the altar full of flowers, 
‘Wearing protective suits, one group was allowed into 
the exclusion zone today and within a mile of the 
melted down reactors.’ This report takes 9 seconds, 
the time shots are visible is 11seconds. 
Cut, voice-over continues and five shots are shown 
while a bell tolling can be heard in the background: 
one close-up of the sea, flowers in front are first 
blurred and then flowers are clear and sea is blurred; 
one medium shot of mother and child crouching and 
throwing flowers into the sea. This shot is nearly the 
same as in the German Tagesschau. Next, one 
close-up of child and mother, one long shot of people 
from behind who add flowers laid out in a row on the 
beach, one medium shot of a girl adding a flower to 
the flower-row in front of her on the beach (sea with 
strong waves behind her), stopping and bowing before 
running back. This same shot is also shown on the 
American CBS news of the same day. The angle of the 
camera shows the entire body of the child, taken from 
the ground. ‘Others find themselves drawn to the 
beach to throw flowers on the sea that stole the lives 
of so many, calm today, a year after bringing such 
misery. Roland Burke, BBC News, Kessennuma.’ The 
report takes 15 seconds and contains 33 words (183 
strokes). The time shots are visible is 19 seconds. 
Cut, Owen in studio is first visible with head down, 
probably having been watching the video in the desk 
in front of him, he then raises his head, looks into the 
camera and, “Here, a memorial service has been held 
for the six British soldiers killed in Afghanistan last 
week.” In the background hymn singing can be heard. 
 
4.4 Analysis of this news sequence 
The anniversary fell by chance on a Sunday, a day 
on which News at Six is not shown at the usual time 
nor length. It should be noted that this fact might have 
had some impact on the length of the news sequence, 
as on Sundays usually more time is allotted for sports 
and other entertaining events. However, it should not 
have had any influence on the core intention of how to 
present this news nor on the communicative style in 
which news is usually presented, thus making it 
possible for comparisons to be made with other 
countries’ prime time news programs. 
The news sequence about the anniversary of March 
11, 2011 appears second in order for 3 minutes 01 
second after the main news, which was the same as on 
CBS, about an American soldier in Afghanistan 
having run amok, for which more than four minutes 
were allotted. 
The March 11th anniversary news sequence is about 
remembrance and recalling what happened and how 
the earthquake and the tsunami affected the people 
and where they lived. The newscaster’s 20 seconds 
introduction to the topic in the studio focuses on this. 
The first shot, a bell tolled by a priest, is used as an 
emotional symbol of remembrance of a catastrophe, 
seconded by the following shots and the two 
interviews of women in tears. Remembrance and 
mourning happens everywhere not only in monasteries 
or in the national memorial service in Tokyo, where 
the Emperor’s words are translated, but also in the 
streets, close to the reactor plant and on the beaches. 
Other shots show the devastation the earthquake and 
the following tsunami caused. Three minutes and one 
second out of the 18 minutes and 56 seconds news 
program are spent on the sequence about the 
anniversary in Japan, which is 16%. In total, 28 shots 
plus two interviews and the Emperor’s speech are 
shown. 
The length of the shots vary, some shots are shown 
for up to seven seconds, such as the solitary pine tree 
in a devastated area. 
The focus is on the catastrophe, what it did to 
people and the area affected and how people feel 
today. Therefore, keywords are hardly repeated. There 
is rather a cluster of words expressing this focus, such 
as: ‘earthquake’ and ‘tsunami’ ‘struck’, ‘quake hit’, 
‘worst affected’, ‘earthquake hit’, ‘devastated towns’, 
‘disaster’, ‘neighborhoods smashed’, ‘swept away to 
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their deaths’, ‘wastelands’, ‘full of wreckage’, 
‘crippled nuclear plant’, ‘melted down reactors’, ‘stole 
the lives of….’, ‘bringing such misery’, ‘traumatized’, 
‘panic’, ‘fear’, ‘it hurts deeply’, ‘wanted to help and 
could not’, ‘mourning’, ‘bereaved’, ‘memorial 
service’. The shots shown underpin this focus, 
appealing to the emotions and conveying the mood of 
mourning and helplessness. The first shot of a new cut 
is nearly always a medium close-up or a medium shot, 
creating a certain closeness or intimacy, which is 
enhanced by showing the first shot for 2-3 seconds 
before voice-over starts. Although the correspondent 
is mostly heard in voice-over, once he is seen, he 
appears directly in the devastated area and not in 
close-up on a street in Tokyo. He walks in this area, 
which makes it authentic and real. The sequence ends 
with a shot of a small girl in voice-over, which stands 
for hope and connectedness to the here and now, the 
survivors and the audience. 
The communicative style in which the news is 
presented aims at relationship building with all the 
protagonists involved: newscaster, correspondent, 
audience, area/people reported about, as well as with 
the subsequent news report. Within literally a second 
after the anniversary sequence, newscaster Owen uses 
the words ‘memorial service’ to introduce the next 
news, which indeed is about a memorial service for 
six UK soldiers killed in Afghanistan and which is 
also portrayed with two medium close-ups and one 
medium (long) shot for 24 seconds. Here again the last 
medium close-up is visible for 7 seconds. 
The remaining news reports are all on domestic 
topics: 2 minutes 38 seconds about the Liberal 
Democrats refusal to endorse the coalition’s change to 
the NHS. This news was not covered in the 
introduction of the news at the beginning of the 
program. Thirty-nine seconds is spent on the 
resignation of a Bill of Rights-commissioner, 2 
minutes and 23 seconds on the Catholic’s Church 
refusal of gay marriage, one minute and 48 seconds on 
Prince Harry’s overseas tour, and 3 minutes and 16 
seconds about various sports events. 
 
4.5 NHK News 7  
The news program starts immediately with the 
sound of sirens and four shots: one long shot zooming 
in to medium shot, one medium close-up, one close-up 
and another medium shot of people praying and 
observing a minute of silence. On the screen: ‘東日本
大震災 1 年’ (One year after Northeastern Japan 
Earthquake) is visible in big letters. This lasts 16 
seconds. Then follow, in three cuts, comments of two 
women and one man, all in close-up, each of 3-4 
seconds length. The underlined words of their 




Cut, after 27 seconds the newscasters Takeda and 
Kogo are shown in medium long shot standing on a 
white floor in front of an enormous screen covering 
the back-wall showing people in remembrance, a 
solitary pine tree and a collage of devastated areas. 
The title ‘東日本大震災 1 年’ is huge. Newscaster 
Takeda:‘巨大地震と大津波に襲われた東日本大震
災から一年がたちました.’This takes 10 seconds. 
Cut, both newscasters are visible in close-up, 
having eye-contact with the camera, they bow, and the 
camera zooms to medium shot length. Their names, 
News7, and the date appear in subtitle, and newscaster 
Takeda says, “ニュース７です。今夜は番組を 1 時
間に拡大してお伝えします .” (This is News7. 
Tonight’s program will be extended to one hour.). 
Female newscaster Kogo immediately continues, 
while beckoning with her head several times. Both 
newscasters keep eye-contact. “今日はこの一年の日
を主に 3 つのテーマで見ていきます.” (We will 
recall the disaster under three themes.) 
Cut, the close-up focus is on the oversized back 
screen of collaged scenes of devastated areas. The two 
newscasters stand on the very left side, half turned to 
the screen-wall, and newscaster Kogo points with her 
left arm to the three themes, which fly unto the screen 
and reads one after the other, as each one is 
highlighted in a different color. “ひとつ目が 津波
が来る前の避難 次に先が見えない原発事故  そ
して希望です.” (The first is ‘to escape the tsunami 
before it arrives’, second ‘the non-transparency of the 
nuclear accident’ and ‘hope’.) While she mentions and 
points to the last one, she fully turns again to the 
camera. During that time newscaster Takeda stands 
behind her with his hands clasped in front. The 
explanation takes 23 seconds. 
Cut, both newscasters appear again in medium 
close-up and male newscaster Takeda continues, while 
beckoning twice to the camera, seconded slightly by 
newscaster Kogo,“まず今日の被災地です。夜明け
とともに一人手を合わせる男性がいました.”(First, 
the affected area today. At dawn one man joined his 
hands in prayer). And ‘追悼の祈り  復興への誓
い ’(Prayers in remembrance, pledge to rebuild) 
appears in subtitle. This takes 10 seconds. 
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Cut, a very long shot of a devastated area and of a 
ship on the left, stranded on shore. The camera zooms 
slowly closer to a man standing in prayer in front of a 
house on the left and stops in medium long shot. This 
takes 20 seconds. Only the chirping of birds can be 
heard. Text can be found in upper left part of the shot 
(One year after the earthquake in Northeastern Japan. 
Prayers in remembrance everywhere), later a subtitle 
appears (Prayers in front of his house). This shot takes 
20 seconds. The text on the upper left corner appears 
on all shots during the first theme. 
Cut, man in close-up from the side, he says,“本当に
今でも思い出します。この船を見るたびにね.” (I 
recall it even now, every time I see this ship). 
Cut, camera zooms out from the man to a very long 
shot on the devastated area around the house and 
further away: うーん、さびしいよね。もう何にも
なくなってしまったもの(Yes, lonely. Everything 
disappeared.) The two shots take 13 seconds. 
Cut, three shots are shown, one very long shot of a 
row of people lined up on a beach facing the sea, the 
following medium close-up zooms along the faces of 
some of the people and the last shot is a close-up of 
the joined hands of two people, which is visible for 
more than 7 seconds. Newscaster Takeda in 
voice-over:‘被災地では今日追悼の祈りが続きまし
た.’(Today prayers of remembrance continue in the 
affected area). These shots take 18 seconds. 
Cut, the camera shows a destroyed building of a 
kindergarten and zooms closer until a small boy with 
flowers is clearly visible inside it. Takeda in 
voice-over: ‘津波で被害を受けた釜石市の幼稚園
を訪れた親子.’ (Mother and son visit a kindergarten 
in Kamaishi devastated by the tsunami.) ‘男の子の友
達は津波でなくなりました.’ (The boy’s friends 
died in the tsunami.) This shot takes 12 seconds. 
Cut, a 8 second medium long shot on the boy and 
his sister searching in the debris, during which the 
words of his mother can already be heard, whose face 
appears after a cut for 4 seconds in close-up:“どこか
で区切りをつけたいんですけど、なかなか、でも
気持ちの整理がつかないまま一年が過ぎた感じ
ですね.” (Somewhere I/we would like to put an end 
to it. But the year went by without having been able to 
sort out one’s feelings). 
Cut, for 8 seconds the camera zooms upwards amid 
twisted steel girders unto a clock stopped at the time 
of the earthquake (2:46 p.m.) and rests in close-up. 
Finally a man’s voice can be heard:‘黙祷’(Minute of 
silent prayer). Already before this announcement 
sirens are audible. 
Cut, five shots of people praying in remembrance 
and/or silently crying and wiping their tears. The 
camera either zooms in on them or begins in medium 
shot or (medium) close-up. Various locations are 
identified in text in the upper right corner of the screen. 
During these five shots only sirens can be heard; they 
last for 35 seconds. 
Cut, a medium close-up of a woman in tears and 
wiping them, accompanied by another rather silently 
crying woman and a man, who says, “なるべくね、こ
の時間には一緒にいてあげられればいいかなと
思って.” (I just wanted to be as one with them as 
possible at this time is what I thought ) This shot takes 
9 seconds. 
Cut, a church bell can be heard, another three shots, 
one in Ginza zooming from a clock on a tower down 
to a crowd of people looking up, a close-up of a 
woman looking up in tears, hands joined in prayer, a 
medium shot of two adult women and a child praying 
on a beach. The three shots are shown for 18 seconds 
until the point of 3 minutes and 41 seconds. 
Cut, for 8 seconds a long shot of the huge flower 
arrangement on a Tokyo stage for the memorial 
service by the government is shown. On the right hand 
side the Emperor and Empress are visible. In 
voice-over‘黙祷’ (silent minute of prayer) can be 
heard, all present bow their heads and a second 
counter starts counting. 
Cut, after a 3 second medium close-up of the 
Emperor and the Empress, newscaster Takeda starts in 
voice-over, then a new cut and three shots are shown: 
one medium shot of the selected members of bereaved 
families directly attending the service, one medium 
shot of a local gathering watching the service online 
and one close-up of a mourning female pressing her 
handkerchief to her mouth: ‘政府主催の追悼式。およ
そ 1200 人が出席し、黙祷をささげました。式典
の様子は各地で行われた追悼式でも中継されま
した。(The memorial service was organized by the 
government. About 1200 people attended and 
observed the minute of silence in prayer. The 
ceremony was broadcast in real time at memorial 
services held throughout the country). 
Cut, a 9 second medium close-up of the Emperor 
and the Empress coming onto the stage and a 3 second 
long shot of them from the audience was shown. 
Newscaster Takeda in voice-over:‘心臓の冠動脈のバ
イパス手術を受け、退院後まもない天皇陛下は時
間を短縮して追悼式に臨まれました.’ (Having just 
left the hospital after a bypass operation, the Emperor 
attends the memorial ceremony for a shortened time). 
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At this point 4 minutes and 22 seconds of the news 
have past. 
Cut, the Emperor, holding a white sheet of paper, 
and the Empress are shown in medium shot changing 
to medium close-up from the side. The speech by the 









As mentioned before all text underlined appears 
also as subtitles. The time of this news program was 
doubled to one hour. Introduction and the first theme 
‘earthquake evacuation’ is covered for 22 minutes and 
42 seconds, ‘the nuclear accident’ for 10 minutes and 
39 seconds and ‘hope’ for 19 minutes and 48 seconds. 
A special report on the weather in the affected area 
takes one minute and 18 seconds. Anniversary related 
news continues up to 54 minutes and 33 seconds of 
the 60 minutes, followed by sports (marathon and 
sumo) and the general weather report. 
 
4.6 Analysis of this news sequence 
The news starts with strong close-ups of people 
affected by the catastrophe a year ago. After 30 
seconds the two newscasters appear standing in front 
of an oversized screen-wall and greet the audience by 
bowing. They keep eye-contact with the camera, have 
grave faces, often beckon with their heads, and their 
eyes express and seek sympathy with what and whom 
is being reported. The shots are often close-ups or 
medium close-ups, sometimes shown for as long as 20 
seconds without any comments, relying on the power 
of the picture to convey emotion and/or draw the 
audience in. The first climax is the national memorial 
service with the Emperor’s speech as well as the 
speech of the affected families’ representative. 
Various episodes portray the remembrance of ordinary 
people, what they experienced, what made a 
difference to them and how they try to cope with the 
situation. Instead of relating facts (the first statistics 
appear after 15 minutes of news), the intention of this 
news program is relation-building, raising sympathy 
and emotions as well as calling for standing together. 
These words are not directly mentioned, but rather 
their intended meaning is conveyed via the episodes 
reported as well as by emotive images. The 
catastrophe is the main theme, as the following 
word-clusters show. Tsunami appears 37 times spoken 
and 11 times in subtitle, ‘ 地震 ’ and ‘ 震災 ’ 
(earthquake catastrophe) appear 36 and 12 times, ‘復
興’ (rebuilding) appears 35 and 22 times, ‘原発’ 
(nuclear plant) 24 and 18 times, Fukushima 20 and 15 
times, and ‘被災地’ (disaster area) appear 14 and 6 
times.‘ 命 ’(live(s)) appears 12 and 5 times, ‘ 生
活’(livelihood) 13 and 5 times, ‘亡く’ (died) appears 
9 times and ‘死亡’ (death) 3 and 2 times. 
Various episodes are shown, weaving together a 
narrative of collective memory by vividly showing 
what people/individuals experienced emotionally. The 
narrative appears authentic, and is shown to be shared 
by the audience and becomes real and true for all. No 
correspondents or experts appear, the newscasters are 
hardly visible either. They mostly introduce the next 
episode and/or are heard in voice-over. Most 
important are the shots themselves, which ‘speak’ 
even without words. 
 
5  CONCLUSION 
 
The communicative styles of the news programs of 
the three countries analyzed show evidence of the 
communicative styles attributed by various authors to 
each of the three cultures. The focus on facts, analysis 
and maintaining distance is realized in the German 
Tagesschau by the use of very little facial expression 
or body-language by the newscasters and the 
correspondents. No discernible social relation between 
them could be detected. The frequent usage of long 
shots confirms the impression of distance, and the 
shots do not contain any emotional or sympathy 
seeking content. The news about the anniversary of 
March 11th appears first in the broadcast, focusing on 
the nuclear accident and on protest against nuclear 
power. This news is followed by a report about 
anti-nuclear protesters in Germany asking for an 
earlier phase-out. 
In contrast, the BBC news reveals more interaction 
and relationship building between newscaster and 
correspondent, as well as with the audience, by 
displaying animated facial expressions and by verbal 
choices. The shots consist of more close-ups, medium 
close-ups, and medium shots, which are also shown 
for different lengths of time. After cuts, voice-overs 
begin after approximately two seconds, giving the 
shots time to ‘speak’ for themselves. 
The focus of the BBC’s news sequence is on 
remembrance. It contains various emotive images, 
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ending by showing a small girl praying and running 
off, marking the connection and communication to the 
next generation. However, in the news program the 
report about March 11th appears only second in the 
broadcast and is allotted only 18% of the overall time. 
Japan’s NHK News7 of March 11, 2012 is heavily 
emotional, which is no surprise being the country 
affected by the catastrophe. However, although the 
news program is extended to one hour and more than 
90% of that time is spent on the anniversary, it does 
not reveal any background information, summary, 
facts or connected data of what has happened or been 
discovered during the past year. Instead the news 
program is built up as providing an emotional bonding 
between the people of the disaster area and the 
audience. The focus is on sharing the grief, sharing the 
misery, remembering and standing together. Visually 
this is achieved by many close-ups and medium 
close-ups of people and symbols, such as stopped 
watches, hands clasped and the like. These shots are 
shown for up to 22 seconds at a time without any 
voice-over, only a background of wailing sirens, 
tolling bells, the chirping of birds, etc. 
As mentioned before, this study shows only 
preliminary results and many further investigations 
and comparisons are necessary to find stronger 
evidence for culture related communicative styles in 
prime-time news programs of different countries. A 
stronger focus on the different framing and hidden 
intentions of news broadcasts is also necessary and 
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Psychosocial Support System in Emergency Settings-part3   
—Japan Red Cross Society’s Early Phase Case of Great East Japan Earthquake— 
 
Jun MAEDA , Kazuki SAITO ,Toshiharu MAKISHIMA  
 
 (原稿受付日 平成 24 年 6 月 15 日  論文受理日 平成 25 年 1 月 17 日) 
 
Abstract 
Through the Great East Japan Earthquake, various types of the support activities were implemented by 
many relief organizations and volunteers in the affected areas. In this article, we focused on early phase 
psychosocial(PS) support activities by Japan Red Cross Society(JRCS) and reported two different ways in 
the coordination between JRCS’s PS staffs and other relief organizations due to each of two prefecture’s 
geographic features. In the case that there was PS center in the affected area, the coordination with other 
relief organization’s staffs showed tendency to be more smoothly than PS center in the inland. On the other 
hand, PS center in the inland was available for the coordination within JRCS and between organizations. 
We pointed out one of new stress as organization stress and of new relief concept as psycho-social-physical 
support in relief activities in disaster settings. 
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Second Annual Survey Results of Muroran Institute of 
Technology’s Foreign Students’ Satisfaction  
Margit KRAUSE-ONO*1 
(Received 15th Jun 2012, Accepted 17th January 2013)  
 
International students at Muroran Institute of Technology (MuroranIT) answered a partly reworked 
questionnaire about their circumstances and levels of satisfaction. Their answers a) confirmed the 
results of the previous year and b) revealed their attitudes towards life in general in Muroran. Further 
factors necessary to ensure foreign students’ satisfaction could be found. 
 




1  INTRODUCTION 
MuroranIT is a technical university located in 
southern Hokkaido at the Funka Wan on the Pacific. 
The university can be found at the rim of the city of 
Muroran. It borders woods and mountains and is 
surrounded by a residential area where many students, 
teachers, and staff of the university live. Of the 
approximately 3300 students, 90% are male. 
As at many other former state universities, various 
departments and offices at MuroranIT have gone 
through extensive restructuring. Four years ago, the 
former International Office was transformed into an 
International Center. Since then the staff has more than 
doubled, with five people now working in the office, 
and two, instead of formerly one, Japanese-language 
teachers with offices located next to the International 
Center. Both of these teachers have experience living in 
foreign countries, and one is particularly experienced 
and knowledgeable about Southeast Asian countries. 
 
*1 College of Liberal Arts 
The Head of the Center is a member of the University 
Board, and the four Technical Departments and the 
Department for Common Subjects of the University are 
each represented by two members on the International 
Center Commission that holds regular meetings. 
Within the past five years, the number of foreign  
students has more than doubled, from forty-five in 2007 
to about a hundred currently enrolled. Unfortunately, no 
study of effectiveness has accompanied the 
transformation from “office” to “center.” In February 
2011, the first survey to examine the circumstances and 
levels of satisfaction of the international 
students with MuroranIT was conducted. The 
main aim of that study (Krause-Ono/Yamaji, 
2011) was to determine if foreign students at 
MuroranIT faced common difficulties or 
problems and what factors were involved in 
their levels of satisfaction. 
This year’s survey was conducted in order to further 
investigate those points. In order to obtain even more 
concise answers, certain questions were rephrased and 
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2  METHODS 
The questionnaire was available in Japanese and 
English and included questions to foreign students at 
MuroranIT about the following: their country of origin, 
various aspects of their daily life and their studies, their 
levels of satisfaction regarding the International Center, 
their views of their professors and Japanese peers, and 
this year an additional section about ‘life in Muroran’. 
The author of the questionnaire and its goal of 
improving the university’s service to foreign students 
were explicitly stated, in order to reduce as much as 
possible any bias that might influence the students’ 
responses. The students responded anonymously to the 
questionnaire during the month of February 2012, a 
period deliberately chosen because many students leave 
the university in March. The mode of answers to the 
questionnaire, containing a combination of multiple- 
choice answers and open comments, allowed for the 
assembly of both quantitative and qualitative data 
(Creswell, 2009). For example, several questions that 
aim to measure the levels of (dis)-satisfaction of the 
students leave room for open comments on the reasons 
for their responses. Thus, a close correlation of 
quantitative and qualitative data was made possible, 
and the results mirrored the actual situations of the 
students (Burns, 2000). 
3  RESULTS FOUND IN THE QUESTIONNAIRE 
Unfortunately, only thirty-five students, or about a 
third of the MuroranIT foreign students (101 in 
February 2012), answered the questionnaire. Nearly all 
the participating students were from Southeast Asian 
countries, with the majority coming from China (15) 
and Malaysia (8). Another three students were from 
Laos, two were from Korea, two were from Indonesia 
and the four other students were from Thailand, Egypt, 
Iran, and the Philippines. Three students did not answer 
this question. Most of the students (28) were either in 
undergraduate (11) or graduate courses (17), and half of 
them (18) have been at MuroranIT for at least one year 
and some up to four years or more. This means that 
many of the students were studying at MuroranIT with 
the aim of completing their undergraduate or graduate 
studies. 
Nearly two thirds of the students (22) were between 
23 and 29 years old: nine of them younger than 23; and 
four were over 29, which means that in most of the 
cases they were older than most of their Japanese peers. 
Also, twenty-seven or 77% of the students received 
some kind of scholarship. In particular, most of the 
Malaysian students (seven) came with a scholarship 
from their country. Thirteen students received a 
scholarship from MuroranIT, five from JASSO, one 
from MEXT, and one from an institution of the 
community. Seventeen of the students or more than 
48% answered that the scholarship was enough to live 
on, whereas eleven or 31% answered the opposite. 
Eight students or close to 23% had no scholarship and 
their parents (7), or themselves (1) paid the costs. 
Fifteen or close to 43% of the students also held jobs 
on the side, however, the amount earned ranges from 
below 10,000 Yen to up to 30,000 Yen. Close to 66% of 
the students (23) who answered the questionnaire lived 
in some kind of housing provided by the university and 
12 of them lived in an apartment rented privately. 27 
students or 77% reported being (very) satisfied with 
their housing conditions, and another 4 or 11.4% were 
neither satisfied nor unsatisfied, rating their housing 
condition as ‘so-so’. Only one student was not satisfied. 
The data so far shows facts and figures about the 
verifiable backgrounds and the circumstances of the 
international students. The data that follows reveals the 
perspectives and attitudes of the students towards the 
International Center, their classes at the university, and 
towards life in Muroran. The answers of the students 
have not been edited. 
3.1  About Japanese classes 
Just as in 2011, there is no special English program 
for international students at MuroranIT. However, 
Japanese lessons are provided to all students, regardless 
of their level of proficiency in Japanese. This year’s 
survey also provided questions about the lessons. 60% 
of the students indicated the time allotted for the 
lessons to be just right, which is 8% more than last year. 
However, only four or 11% of the students would have 
liked more lessons, which is 7% less than last year. All 
the students who responded to this question were either 
(very) satisfied (85%), which is 23% more than last 
year, or did not give negative ratings (14%), 6% less 
than last year, concerning the quality of the Japanese 
lessons. 
When asked about what they rated as good in the 
Japanese lessons, close to 66% of the students (23) 
wrote positive comments about the helpful content of 
the lessons, their atmosphere, and the friendliness and 
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When asked about negative aspects of the Japanese 
lessons, only three out of the ten comments criticized 
the lessons. The other seven comments were concerned 
with administrative matters, such as the time at which 
the lessons take place. In most of the comments, the 
students regretted that because they were too busy, they 










- We learn too much things not related to the real world 
(not practical) 
- Me, I am not good in accommodating Japanese 
language. 
- I think everything is good. 
- The class time is in the evening, and while in the class 
everyone feel hungry. 
- My schedule for mixing it (Japanese lessons) along 
with my laboratory activities. 
In this year’s survey questions about students’ 
self-rated levels of Japanese at the time of their arrival 
and their current level were not included. It was felt 
that parameters need readjustment; however it could 
not be done on time. In the next annual survey this item 
will again be added in an improved form. 
3.2  About the International Center 
All the students (100%) were (very) satisfied with 
the services and the functions of the International 
Center at MuroranIT. When asked what they thought 
was especially good, 39 students or 72% wrote 
comments such as these that follow. (Since some 
students answered the Japanese questionnaire and 
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勉強に関する熱心が強い 
- 面倒見が良い。みんな優しい 
- The best. Staffs are very friendly and helpful. 
- Agility, good ability to solve the problems, conducting 
ceremonies, they are always smiling, center is highly 
appreciated for making contacts with Japanese formal 
issues like municipal transactions and registration for 
children, hospitals. 
- All members in center are very kindly, and we can get 
lots of useful message in time. 
- Everyone is so kind for ……students. 
- The service on how to handle with students. 
- Kindness from officer. 
- Teacher's capability and skills to teach. 
- They are very friendly and helpful. 
In summary, the keywords of the comments were 
similar or the same to last year: “friendly, concern, 
helping, polite, interested”. These comments show that 
the students’ attitudes towards the center did not change, 
regardless of whether the students were newcomers or 
long timers. 
When the students were asked about the “not so 







- My schedule for mixing it (Japanese lessons) along 
with my laboratory activities. 
None of these comments were critical of the attitude 
of the center’s staff or their dealings with the students, 
rather to the contrary. 
When asked for a score or the number of points they 
would give the center, 31 students or 88.5% would rate 
the center between 90 and 100 points. 
 
3.3 About acceptance by Japanese peers in class: 
Twenty-four students or 68.6% felt accepted by their 
Japanese peers in class, and five of them or 14.3% did 
not. When asked for their reason for not feeling 
accepted, the students’ answers varied, and one students 





- They hardly talk to me, unless I started the 
conversation first. 
Some students placed the blame on themselves, and 
others focused on language as the problem. However, it 
should be noted that six students or 17% did not answer 
this question. 
In a question that followed, we asked the students if 
there was anything they would like their Japanese peers 








- Think out of the box (don't be rigid). 
- I would like to learn some useful expressions or 
words from them. 
- Also learn English along with my efforts to learn 
Japanese. 
- Yes, try to learn English a bit so that we as foreigners 
can express more. 
In conclusion, most of the nine students wished for 
more interaction and communication with their 
Japanese peers or wanted them to show more 
open-mindedness regarding the foreign students’ 
language and culture. This is very much in accord with 
last years’ comments. 
 
3.4 About satisfaction with classes and the care 
received in the departments 
Twenty-six students or 74.3% were satisfied with the 
classes in their respective departments, which is 6% 
more than last year. Three students or 8.5% were not 
satisfied, and six students or 17% did not answer this 
question. When asked about their reasons for being 
dissatisfied, three students answered: 
- 先生と学生の交流が少くない。学生たちは授業
に興味がない。 
- Lack of hands-on training, experiments and field tours 
- Language ability to comprehend including reading 
and speaking. 
When asked whether they were satisfied concerning 
the care they receive from the teacher(s) of their 
department, 28 students or 80% answered positively, 
four students or 11.4% answered in the negative and 
three students or 8.6% did not answer at all. 
The students rated the care they received by their 
professors in their respective departments as follows: 
eighteen students or 51.4% gave 90 and 100 points, 
seven students or 20% gave up to 80 points, three 
students or 8.6% gave up to 70 points. Up to 60 points 
and up to 50 points were given by two students or 5.7% 
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each. Three students did not answer this question. 
 
3.5 About life in Muroran 
In order to further find out about students’ overall 
satisfaction it was felt necessary to add this item. The 
students were asked whether they have many chances 
to meet with citizens/ people in the area, to which 27 
students or 77% answered affirmatively and only eight 
students or close to 23% answered in the negative. 
The students were also asked whether they think 
Muroran is an easy  place to live in. Examples were 
provided such as: bus/trains/transport is good; good for 
shopping; apartment or the dorms are good to live in; 
the people of Muroran are kind etc. Thirty-one students 
or 88.6% answered with ‘yes’ and only three students 
or 8.6% answered with ‘no’. Each group was asked to 



























- Very calm, not so hectic, basic necessities are 
provided. 
-  Muroran is ideal place to study, calm and nothing to 
do in the night! 
- Because it is very near to the store, university, library 
and etc. Although it is a bit difficult to ride a bus to go 
to the mall or town, but I did enjoy the ride. 
- The weather is very well in Muroran especially in 
summer, and the people is also kindful. But maybe a 
bit difficult to do shopping for the students who have 
no car. 
- All the services are very good but except the bus 
service, not very good. 
- Peaceful and everyone here is so kindness. No air 
pollution and here is very nature. 
- Generally, yes! Initially, no for a tropical person like 
me. The quality of life in Muroran offers one basic 
and good for healthy living. 
- Low cost of living cost. 






- People quite afraid of foreigners, not so talkative. 
In total the students very much appreciate the 
compact size of the university, the people in its 
surroundings, as well as being situated in a natural and 
non-polluted environment. Only three students find the 
transport not sufficiently convenient. 
Finally, we asked about the students’ overall levels of 
satisfaction. Two students or 5.7% did not answer this 
question, however none of the other students gave less 
than 70 points. 80 and 100 points were each given by 
six students or 17.1%. Seventeen students or 48.6% 
gave 90 points. This is pretty close to last year’s result. 
At the end the students were asked to give free 
comments, which seven students or 20% took the 
opportunity to do: 


































4.  CONCLUSION 
 
The overall result of this year’s survey confirms last 
year’s result in most points. Several questions had been 
rephrased and or had been made easier to answer by 
providing clear choices, especially when numbers had 
to be given. To have added the last item about ‘life in 
Muroran’ proved to be an important question. The 
answers very much confirm the impression staff and 
persons involved already held, namely that the foreign 
students valued their studies at MuroranIT because of 
the university’s size, its location and the type of 
university. This was expressed by comments such as: 
just the right size, close to nature, a strong connection 
with the community, everything and everybody is 
nearby, a technical university with labs, where students 
have to study together. 
The work of the International Center is rated highly 
by the international students. The Center takes care of 
the international students, not only in administrative 
matters, but also by helping them with housing issues 
and linking them with community organizations. It also 
organizes the international students’ year-round events. 
More and more Japanese students join the 
“International Exchange Club” (国際交流クラブ ) 
because they want to know more about other countries 
and cultures. Encouraged by the Center, several 
professors have started to make connections with 
universities in Korea, China and Thailand. Short-stay 
exchanges of a week or two were organized, which 
again resulted in an increase in the number of 
long-term international students. However, a weak 
point could be that mostly the same professors are 
engaged in these activities. To better shoulder this 
burden, the participation of more professors would be 
welcomed. It would also further increase foreign 
students’ satisfaction. 
Unfortunately, only a third of the foreign students 
answered this survey in February 2012. In comparison, 
in February 2011 half of the students had answered. 
The questionnaire was available in Japanese and in 
English. However, to achieve a better turnout it might 
be necessary to provide questionnaires also in Chinese 
and in Malay. This study also has the limitation of 
using only a written questionnaire. Actual interviews 
would help to enhance the data. Finally, to compare and 
to enhance the decisive factors responsible for high 
levels of satisfaction experienced by foreign students, 
further studies at universities of the same size and type, 
especially other technical universities, will be 
necessary.   
 
COMMENTS 
Questionnaires as well as detailed results will be 
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（原稿受付日：平成 24 年 6 月 15 日   論文受理日：平成 25 年 1 月 17 日） 
 
Abstract 
Modern ration built a very rational system of market economy.  But its calculus 
rationality rather destroyed “Lebenswelt” by causing poverty and wars.  In this report, 
we will follow this fact historically, and see that this system faces the crisis because of 
its self-contradiction. 
 






























































































































                                  資本の内部構成 
 
               生産物価値＝不変資本部分＋可変資本部分＋剰余価値部分 
生産財部門    ⅠＷ  ＝  ⅠＣ  ＋  ⅠＶ  ＋  ⅠＭ 







































































































Ⅰ[Ｃ＋Ｍ(蓄積 c)＋Ｖ＋Ｍ(蓄積 v)＋Ｍ(消費)] 
＝ Ⅰ[Ｃ＋Ｍ(蓄積 c)] 
＋Ⅱ[Ｃ＋Ｍ(蓄積 c)] 
Ⅰ[Ｖ＋Ｍ(蓄積 v)＋Ｍ(消費)] 
＝Ⅱ[Ｃ＋Ｍ(蓄積 c)]  
ⅠＶ＋ⅠＭ＞ⅡＣ 
        Ⅰ[Ｖ＋Ｍ(蓄積 v)＋Ｍ(消費)] 
      ＋Ⅱ[Ｖ＋Ｍ(蓄積 v)＋Ｍ(消費)] 
＝Ⅱ[Ｃ＋Ｍ(蓄積 c)＋Ｖ＋Ｍ(蓄積 v)＋Ｍ(消費)] 
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(一般的剰余価値)       (特別剰余価値) 
賃金の抑制      有機的構成の高度化 
 
相対的過剰人口の発生     利潤率逓減 
 
   労働者･大衆の貧困化     資本家の所得減少        生産拡大 
 
          市場の狭小化               生産の飽和･過剰状態 
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In this Study-notebook, we try to change phenomenology into practical philosophy 
through constructing “We”(not “I”)-subject.  And thus, we expect to build the new order 
of rationality following phenomenological method.  This new order shall be the system 
of and based on personality values. 
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教 育 改 善 報 告
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知識だけではなく行動につなげるための発達障害理解 
 
今野 博信＊  
 
Learning about Developmental Disorders  




（原稿受付日 平成 24 年 6 月 15 日  論文受理日 平成 25 年 1 月 17 日） 
 
Abstract 
People are paying more attention these days to developmental disorders. To reinforce this, the Act 
on Support for Persons with Developmental Disabilities was established in 2005. Over forty students 
attended the author's class  ‘Learning and Developmental Theory’ in the teacher-training course of 
Muroran Institute of Technology in 2011. The class included learning about developmental 
disorders. But only being knowledgeable about the disorders may not be sufficient. What was more 
expected from the students was to obtain the ability to take actions for those with the disorders. As 
such, the author made several attempts in the class: showing videos to help understanding  the 
disorder, setting group discussions, writing comments to the students’ memos. In the final lecture, 
many students expressed their willingness to act for those with the disorders. 
 
































































































































































































  聞いたことがない  ３
  聞いたことはあるが説明できない ３３
  聞いたことがあり、ある程度は説明可能  ６
  聞いたことがあり、説明可能  ０
②「発達障害」で連想する言葉（上位 10 語） 
  障害 遅れ 学級 知能 学校 言語 自閉症
  身体 発達 支援 
③発達障害者支援法の目的は 
  発達障害の広がりの予防 ０
  監視体制をつくる ２
  就労就学の環境整備や雇用の義務化 １７
  早期発見、行政の責務、社会参加促進 ２２
④「発達障害」に当てはまりそうなのは 
  自分の関心事だけを一方的に話す ８
  文章を読んでの要約が苦手 １０
  いつもと違った状態で落ち着けない ９
  数字やマークを特定の順に並べたくなる ８
  じっとしていられず動き回る ２５
⑤発達障害者との関わり方として 
  距離をおいて関わらないようする １１
  自分の考えた方法で関わってみる ７
  相手に聞いて、可能な手助けをする １９
  自分でも調べて積極的に関わってみる １
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②「発達障害」で連想する言葉（上位 11 語） 
  支援 自閉症 障害 特別 ＡＤＨＤ 教育 
  アスペルガー コミュニケーション ＬＤ 
  ＳＳＴ 症候群 





























































 室蘭民報 2012 年 1 月 5 日朝刊「室蘭工業大学
『発達障害の映画を観る会』22 日に上映会を開
催」 
 北海道新聞 2012 年 1 月 6 日朝刊「まちづくり
補助、室工大生に」 
 朝日新聞 2012 年 1 月 7 日朝刊「妹の障害に向
き合う 映画『ちづる』室蘭で上映へ」 
 室蘭民報 2012 年 1 月 12 日朝刊「発達書害テー
マ 22 日上映会」 
 北海道新聞 2012 年 1 月 23 日朝刊「発達障害に
理解を 室工大生 映画上映し交流会」 






























附 属 図 書 館 長
く ら し 環 境 系 領 域
も の 創 造 系 領 域
し く み 情 報 系 領 域
ひ と 文 化 系 領 域
建 築 社 会 基 盤 系 学 科
機 械 航 空 創 造 系 学 科
応 用 理 化 学 系 学 科
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